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Digestive Characteristics of Rainbow Trout Oncorhynchus mykiss on
Soybean Meal Based Diets

Pyong Kih Kim and Joong-Kyun Jeon'*

Department of Marine Bio-Science, Gangwon Provincial College, Gangneung 210-804, Korea
!Department of Marine Biotechnology, Gangneung-Wonju National University, Gangneung 210-702, Korea

To evaluate the digestive characteristics and bioavailability of dietary soybean meal (SBM), the post-prandial changes
in the gastric contents of rainbow trout Oncorhynchus mykiss were determined for 24 h after feeding of SBM diets.
A curve estimation of regression diagnostics using a comparison of the adjusted r* and probability was performed
to test the tendency of the post-prandial changes and gave a quadratic polynomial (exponential) regression for all
experimental groups. The gastric evacuations rates (GER) for higher-SBM groups were slower than those for lower-
SBM groups. The estimated GER (digestion time) for 75% gastric content for fish fed a 70% SBM diet was 1.63
times longer than that for fish fed the control diet. Despite the fact that the pH values in the gastric contents rose from
4.05 at 0 h to 5.12-5.38 at 1 h after feeding, then dropped to 4.57-4.83 at 9 h, with no significant differences among
experimental groups, the gastric moisture contents increased significantly in the higher-SBM groups. This is most
likely due to an increase in digestive juices in the higher-SBM groups, rather than water introduced externally. The
percentage of soluble nitrogen in the gastric contents of fish fed the higher-SBM diets was higher than that in the fish
fed the control diet, and the SBRs (stomach weight/ body weightx100) in the higher-SBM groups (diets 4, 5, 6 and 7)
were also significantly higher than the SBR of the control group (P<0.05). This may indicate that the protein in SBM
can be digested slowly due to physiological digestive adaptation in rainbow trout.
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N B Feha) WEHE sk 2102 Pelx Urk(Mansfield et .
2010).

2o o7l WAR SHE obu Al TEA 22 A Teiholeiah EAllE Brsa BakE el ol g 4o 2 &

SRRl AT, 7ol AT ol Begtel Al B 44 o8 AR thEu Azl o 84] wol AAE]

w210 2 ojFHEke] S8 7} ul-$- Erh(Dabrowski et al.,
1989). Z&#L} t FH-2 ofu]iAke] £, protease inhibitor,
tannins, lectins, Z12] 1! non-starch polysaccharides (&-8%3 &
+3H=) 59 anti-nutritional factors (ANFs)7} o]532] A&
Aafol= Ao g RiEo] 9l 9 v(Francis et al., 2001), £3]
ANFs= oA A5 985 9o7]aL, 4 o) gr(vill)yE &
Al stA, dF AlEY] e

e sk 5 PAAEe el

AL, AASE st Apdu 7] 9 detujotol A= 2hd i A
7} 7153 Ao &2 & A Qi (Mohsen and Lovell, 1990). 1
B} S 410152 A olol Al T 402 e ke
o] ol s AR, ARES, Ao F3io] gashe
78S Ho|(Gao et al.,, 2011), LBHH 0 2 A}= 2 10-15%
A S H7EE 5 Sl A o= U A Stk (Krogdahl et
al., 1994; Refstie et al., 2000).
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oFo] AE0] R o] §4 M= Aol that 7|54 %
7, ARS BT AR UL, AR 2 ojH0] VbR BAS B
o oF AR A %74 g, Telm EA BAE Abio] ¢
of oJofao] 43} FES WISHE Wl Sol e AHgEof
Sheh. olr} Abeo) AR o] 49 A A 413

- AZE 7ol w2 9 W A A0E0] 43 A, st 4
o} g9 B gl g4 Fo] Ale| Al H3K(Dabrowski et al.,
1980), ol A E0] 243} gp e}, UF AR Y] ] 4
ahe 9 o 83} 54 W 52 vlolstel AvtAeehy AT
= Al =% v} @ltk(Kaushik and Oliva Teles, 1985; Wilson and
Poe, 1985; Yamamoto et al., 2010; Larsen et al., 2012).

o] 579] 9 ¢ A - g-Eofl Tt A= il o 7o AR
o] A3k, 2/, A3, AR} w2 AR BAE 118
sho] th it =9 Blo] A el A, td A9 feeding
history®} 50| A4S 345k Aeoha] Aol wol 28
A MacDonald et al., 1982), 015 9F4] Hofo] A= Al
o 7t Hofl W ddrETTEY S, AHR S| 4231 A
b AR A F = BAIA Q] S, 48 a4 o] 24T FHE 5
A= O] AE W7ol e R ol 0|85kl {lrk(Store-
bakken, 1985; Jobling, 1986; Bromley, 1987; Rosch, 1987,
Larsen et al., 2012).

webA] £ A7oAE ke Tek A7he AR o) AR
A 291 AESHE ko 2 2ok sk AT B4
o] 9 -89 O Fehelo], thFubE 4717 el 1
Agols Bo = AR 35 5 9I(H) B 2 W
= oF pH ¥k W82 7has(n]i k) A= AAIA
2 upolgho 24 t iRt A= O] o] 84S s 7kskalAt SHRIT

L]

e o
DA 2

o 4

Mz W

£ A= o FE AR (Table DE AW 3k} Al o)A
7RSS B 7401 (Oncorhynchus mykiss)yS
O & 48417 4] 3 0} 4| F2] 2%0]] S AR E 13]
(FFAITE 308) 5L Al Aol w2 4o} Ak ¥
Ao FE ofFlFo] 211-328 g 2715 w4
t} 38-57012] & ARE-5HI T
A el k2 (e 6 m)ofl 4711 2] FRP 2(
1 )7} AAE 9HeeHA] o TA A" 2 25 A o] 85191
31, A% o] 7= Z}7ko] FRP 4=%0f 27119] cage (1.2 % 0.6 X 0.5
m)o]l 483193, A8 fako) 2 oubkE | )51}, E3,
7y ARS A|2Hlof|l= 22212 A 042 (thermo-controller) S
Ax)ete] A9 7|17 B2t 17CE FA8HI
el A=

A% AR Table 13} 2F0] o] -2 64.5% AH8-3 AR Al

o
U
&
11
ucd)
o &
oz =

2 o= (diet No. 1)& L, H2} 1 FHEg 13%714] Zo|
HA ghHoRE FERS 10%0]4 70%714] S7HE 0 &
2] 722 0] A3 AlE(diet No. 2-7)5 AHEaFgIc} 18] 1 A&
|22 913 AgkE D Ake] FA ol g AHR(diet No. 8)
= 37 AMg-sF T Al WElA] 27|(AEZ16S, Hiraga CO.,
Japan)& A 2% & FH5171714] -30°C 9] Wi ate] Bykehd
A A B Aol e 7HE 5% o gheo] o] AF AL
2o B2

9 UES U $E0| A B2 Hat
AR EF 51,3,6,9, 12, 18 % 24X1704 0] 2 A7 LR

U o] FE 4-80ke)H SR} 5 BRE Wrhs Awe A4

jus)

sok g AAR) g AL, ] 8ol SeifelA ek
2 GBS o] GFFL SHTIAHE, 9 A+ g8

. o] A& x| AFER SHhlsto] 41 TS S5t
AL, o] 5 FA= AlSoll theh Bl& =2 Ul i

AP R & AP Aol w9 430 BEel gt 39
A]0] 4.2 SPSS 15.0 (Chicago, IL, USA)& =85} .
9l 2340 A A T XA e v 2ol &
A5F31AL, 3 A2 et S = A H| W SGIT Linear: y = a
+ bx + ¢, Quadratic: y = a +bx +cx2+e 0] 7] oA, yi= o] H|F0]
TR 9 AsHel of (%), xi= 23HAZHN), a, b, o= FPRE,
g= A3 © Z(residual error)o|t}. E3L, T T8} ekl 431A
Zhof| whE 43k& 0 o] 23] A2 th5at 22 HHls o]-g-5)
o] AF=313iT). Hyperbolic (decay): y = S-k / (k +x), ] 7] | A4
S+ WA HZH %), ki= A 23-=29] 50%7} 2x3sh=t] A
= AZHh), x= 234 ZHh)o o}

¢ ZFH](stomach weight/body weight x 100)= ¢ U&=
O] A1 Wat Aol FAloll 9 FAE 5785 oAl Foll o
ShHH]E R 2SI, 9 W& a0l s pH 5747
(Orion 502A, U.S.A.) = AF&319IT}.

9 Ligso| TA 2

=L =

AR AF T AR AT i 9(E) AsHES 43t HES
ofolr 7| 9J5to] thRTL(AFR 1), AbR 3,5 9 72] A3 o2
HIAFo. 2 AOAC (1995) Bl uket 9] 43HE(55) 1 gol
AFod 3}z AK(trichloroacetic acid, TCA) 10 mLE 7}aho] upaj
310,000 rpmof| 4] 1027F ¥4 2efshe] Ak 24 <+
AbE WRo] 242 7hgA] Aot B84 A4 R B}o] Kjeldahl
Moz Aas At

SAXE|

RE ZA710 Statistical Analysis System (SAS) 02 22
shelar, A9 7P #5214 472 Duncuns Multiple Range
Test= 95% 2] S0l Al aFleh. &4 ol = T3] F(simple
regression) = C}=3] 7|(multiple regression) W92 AM&35}
et
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Table 1. Ingredient and proximate composition of the test diets for rainbow trout

SBM (%) 0 10 22 34 46 58 70 CD*
Diet No. 1 2 3 4 5 6 7 8
Ingredient
Soybean meal (defatted) - 10.0 22.0 34.0 46.0 58.0 70.0
White fish meal 64.5 57.2 48.5 395 30.5 22.0 13.0
Wheat middling 33.0 30.3 26.9 23.8 21.7 17.2 14.1
Vitamin mix2 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mineral mix® 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Baker's yeast 0.5 0.5 0.5 0.5 0.5 0.5 0.5
L-methionine - 0.04 0.10 0.15 0.20 0.25 0.31
L-lysine - 0.01 0.03 0.05 0.07 0.09 0.1
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Pollack liver oil 5.0 5.0 5.0 5.0 5.0 5.0 5.0 -
Proximate composition (% on dry matter)
Moisture 9.8 9.6 9.6 9.5 9.6 9.5 9.8 8.9
Crude protein 446 44.2 44.0 438 446 44.0 443 43.7
Crude fat 9.0 9.1 8.6 8.7 8.7 8.3 8.0 6.5
Crude ash 16.1 15.3 14.0 13.8 13.2 11.3 74 21.2
Gross energy (Kcal/g) 4.78 4.71 4.66 4.69 4.69 4.66 4.69 4.40
DE*(Kcal/g) 3.64 3.66 3.64 3.65 3.68 3.67 3.74 3.34
CE/P ratio 107.2 106.6 105.9 1071 105.2 105.9 105.9 100.7

! Commercial diet for rainbow trout.

? Contain ingredients per kg mixture. A: 800,000 IU, D3 : 160,000 IU, E: 5,000 TU,K: 1.0 g, B : 2.0 g, B,: 2.0 g,B: 2.0 g, B, : 2.0 mg, C:
10.0 g, niacin: 10.0 g, pantothenic acid: 5.0 g, folic acid: 0.5 g, choline chloride: 55.0 g, biotin: 10.0 mg, inositol: 10.0 g

* Contain ingredients per kg mixture. Mn: 40 g, Fe: 50 g, Cu: 10 g, Zn: 60 g, Ca: 10 g, I: 1 g, Co: 50 mg, Se: 150 mg
* Digestible energy estimated: 5.0 kcal/g protein, 9.0 kcal/g lipid, 2.0 kcal/g carbohydrate (Wee and Shu, 1989).

2

? 8= Sutel A et

Abs A3 F 9 W8-E(gastric content)2] A X Q] W=
Fig. 1 & Table 29} Zo|R¥gko|u} §-9]=5S H| WA AtR

A2 2471 HAA ok A4 A4S st
83 9 Y859 43} & (gastric evacuation rate, GER)
L Table 30 LR gi=o] 9] Ulg5e] 25%7) 912 Bujst
£ di= 1.8-2.947t0], 50%7} F}st= = 5.3-8.74]7k0],
75%7} S5k Hli= 16.0-26.2417k0] A8 E|o] ALR F OiF
o glego] S71e2 9] 45120 EHAITO] A AR Ao
2 Urepte ol e o5 70%41 A= 7 (diet No. 7) A @]l
A= diFato] H7EEA] g2 tj 2 (diet No. 1)ET} AFHA|
7ol oF 1,631 A A1 %] 3l om, thFHbo] H7Fe]A] ohe-
o} o4t 10% H7Kdiet No. 2) A@To A Ak 28} 3)
de mor.

¢ HE= 2 =2 et pHY ZAIK Hat

9 8= - o HIFE Fig. 20 el Sich 4=
2 A9k o 2 Abg 3] ASRE AL A= 34 8] S8t
i, 713 24MZHA] A 9] AR e FrASHIT el
A3l tol| whetA = 9411 2fol & Hof tfFuf gheko] ot
ApE 9 YEE2] 8 ol 194 0= HWokTh(P<0.05).

o, 9 U= pH Hoh= Adhd o= Abm 43 dolle
405 =52 BT AFR A 147 Tofl= 5.12-5.382
BAAE Hetdglomn], o]% Wolx]7] AJ2ksto] ATt Sofl=
4.57-483 F 02 12A7F o= 45348002, 18A]7F &
ofli= 4.46-5.00 =082 Ao AR A 4847 35
Ao =0 2= mEShR] gt o] 9F 2 AR ARl et
A glo] AL HlZ=FA AL, 724 Q1 Afol= fIUTH(P>0.05).
| S|

Pk 7175 A 701 9] 9] S HI(SBR: stom-
ach weight/body weight x 100)& H|2L5}H(Fig. 3), ¥ U&=
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Table 2. Statistical values of the regression for stomach content of

25 Diet 1 Diet 2 3 . )
rainbow trout fed with soybean meal diets
?Z }\‘\’\'\'\s‘ Diet No. Linear Quadratic
- 1 0.795/0.004' 0.979/0.000
05 2 0.831/0.003 0.959/0.001
00 p——r 1+ " T " 3 0.866 / 0.001 0.966 / 0.001
25 Diet 3 Diet 4 4 0.834/0.003 0.963/0.001
20 5 0.952/0.000 0.976 /0.000
g ' 6 0.951/0.000 0.989/0.000
5 ;Z 7 0.964 /0.000 0.983/0.000
S R R 8 0.802 / 0.004 0.902 /0.004
§ 25 Diet 5 Diet 6 Values present adjusted R?/ P value for the regression.
o
5 ., N\'\(\o\‘\ i\.\‘\‘\'\. Rpg 413 Ak Aubatel neh -84 9 B Aae] 7
‘co’ 10 dHl= Foleh Abmof whet thar Zpo 7} QUlaL, o Sk
g o . o] B AT Y§EUSE 7184 W] Fulz 7t
§ oot e RN W) G 2T 8 A S W
25 Diet 7 Diet3 24.8%0l A|UhA] Q9oL AR (1t B 22%) AR
2.0 N\K'\ \\‘\ 30.7%, At 5(HFE EEF 46%) A8 = 34.7%, AR T(H
o ¢ St he 70%) A8 T 36.7% 2 Rl ekl we Ag T
' N U428 5 7H4 Aao] vlgo] 8-S & 4 It
0.5 e
e : e : : r

173 6 9 12 18 2413 6 9 12 18 24

Elpased time (h)

Fig. 1. Post-prandial changes in gastric content of rainbow trout fed
with soybean meal based diets. Values are presented Mean+=SEM.
Diet 1-8 refer to Table 1.

o] 4B FlEFo] Wokd AR 56 U 7 AFE LI} 1.31-1.44%2

2t 9 AbE2 9 34F 10 1.10-1.13% Hr} 3oy o s 1

AL THP<0.05).

¢ UB=2| BAXM At
AR 3 T AAHCE Y YEE 5 84 A 584

A49] okt Bl &S ARSI At s

offolA o HE=9 T == i A=Y A7), A=
Z i 3k, A= 9] A (nutritional intensity)} 9F, AFR A
T A AIZE 9 AR 2 Foll wheh 24| EefRl=t(Jobling,
1980; Hilton et al., 1981; Lee et al., 2000; Nikolopoulou et
al., 2011), 7= Z|4=#(exponential), H=L(square-root),
A% (lincar)?] 74 FelS ekl o2 oA 9ot
(Jobling, 1987). ol & 5|, =*]%-0](Coregonus lararetus L.)
U ol = AbR A3 5 242 Q1 24 Aok U e, yellow
perch (Perch flavescens L.), gilthead sea bream ~12] 37 Euro-
pean sea bass 5 A& (FeE1Y) 0.2 THAsl= 5(Garber,
1983; Nikolopoulou et al., 2011), ¢13&of w}e} 2fo]E HoX]|
1tk 4=20] =842 (handeland et al., 2008), 22 1L & 7|A| Y

Table 3. Coefficient of the nonlinear (hyperbolic) regression for gastric content of rainbow trout fed with soybean meal diets

- Diet No.
Coefficient
1 2 3 4 5 6 7 8
S 2.730 2.269 2272 2214 2.200 2.260 2.552 2.315
k 5.323 6.114 7.081 7171 7.817 8.403 8.749 6.594
Estimated gastric evacuation rate (h)

25% 1.8 2.0 24 24 26 238 29 22
50% 53 6.1 71 7.2 7.8 8.4 8.7 6.6
75% 16.0 18.3 21.2 21.5 235 252 26.2 19.8
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Fig. 2. Moisture levels in the gastric contents of rainbow trout test-
ed with soybean meal diets. Different superscripts on the bars are
significantly different (P<0.05). Diet 1-8 refer to Table 1.
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Fig. 3. SBR (stomach weight/body weightx100) values of rainbow
trout fed with soybean meal diets. Values present Mean+SEM.
ANOVA for main effect: sum of square mean 4.24, mean square
0.606; F value 13.677; P<0.001. Diet 1-8 refer to Table 1.

4Z(Garber, 1983) 53 27k wh2 Ao 2 oA 9k, &

Aol Al vrehdt 9] 8k=0] T AR AR AT 2
o] X|A]l 74 HiHlE 2= o R L}F%L} yellow perch®}
European sea bass®] 73-9-2} ARSI L. eHH, o-3F &2 A
AR H ) A% 45 7] 5.0 5 (Kaushik and Oliva Teles, 1985),
o|AERMSI ThE WS SV 2 A Wl of 2 vl A=

S, GPIHEL ARE B S5 kb AL 4 5

Table 4. Soluble and insoluble nitrogen in the gastric content of rainbow trout depends on the soybean meal levels and time after feeding

Time Diet No'.
after 1 3 5 7
feeding SN2 IN" SN IN SN IN SN IN
] 161418 536416 171414  46.5+2.1 17.0 397 233412 535408
(23.1) (76.9) (26.9) (73.1) (30.0) (70.0) (30.3) (69.7)
3 18.0+1.3 614414 191409  388#80  187+30  365¢55 250434 45252
(22.7) (77.3) (33.4) (66.6) (33.9) (66.1) (35.7) (64.3)
6 16.042.3 486415  165:03 412413  165+2.0  335+42 264450 422422
(24.7) (75.3) (28.6) (71.4) (33.1) (66.9) (38.2) (61.8)
o 18.8 57.9 19.040.7  37.7+89 221409 381447  248+1.8 41411
(24.5) (75.5) (34.3) (65.7) (37.0) (63.0) (37.4) (62.6)
10 182430  56.7+152  18.9+05  423#35 178404  386+19 262419 449490
(24.8) (75.2) (31.0) (69.0) (31.6) (68.4) (37.3) (62.7)
18 18.7 46.0 5.6+0.5 134415 226418  308+44 257427  36.8+3.9
(28.9) (71.1) (29.7) (70.3) (42.6) (57.4) 41.2) (58.8)
Mean (24.8) (75.2) (30.7) (69.3) (34.7) (65.3) (36.7) (63.3)

! Diet No. refer to Table 1.

2 mg nitrogen/g stomach content (dry matter), SN, soluble nitrogen; IN, insoluble nitrogen. Parentheses indicate % of each nitrogen content.
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7 Qlek. E3h vl Al AARR H T F3F &= 7F =31(Shi-
meno et al., 1993a), 7|El & o] W AR T =2 (Windell et
al., 1972), 118 Al WA AEj o] AR HETE o= A 02 L
ElL(Kelly, 1980; Meyer, 1980; Moore et al., 1984), & A& o
At} GARIA 1 Ba ol AL 1 AR B3} S50} =
o4& & 4= 9Jhk(Fig. 1, Table 2 and 3).

3+, Shimeno et al. (1993b)= §] WEE2] T3} 45 (gas-
tric evacuation ratey= 00| ufg} xjo]& Ho|=d|, 244
o2l Wl 9] A9 9] £3HE2 2417k 172, 4 A|7Eo]| 1/40]
Lash= o2 daA ¢l.oH, Nikolopoulou et al. (2011)=
gilthead sea bream-2 A Z| 3t AL& 2] 1/20] F1}31+=1] 2.8-3.3
A|7to], European sea bass= a4 o] AEA AlRYRE
Aol T SR A9 ofig BulAloR A8 gz
T FASET) o 135u) SN dlRIA 0% 6.0-8.1
AlZkol &R E|a1, AbR O] AA AtolHth= F Sol&Ql
(species-specificyS Hol= Ao 2 Wilslil Qlrt 1 At
A FANS o= 280 1/20] 915 Fsh=d] A2l At
2 7}7} 5.3-8.7A|7FS. 2 European sea bass 2] 792} A
CH(Table 3). =3t Hilton et al. (1981) 2.9 g9] FA|7i<%010]|
A= 9 WE=9] 1/20] Safst=t] 5.1A17Fo] A”thal 649)
O}, 300-400 g 715 o2 g2 AF o A= 5.3-8.74]
ZFo = o Hr} thar AGI=T|, o] A& B2 ofFolete oA 2
71o] whe}, = AR O] Aol wet 9] FapA 7ol 2ol 7t Sl
= HojErh

S, S9F Aol 7 a3k 4x3) 7] F N ofu e} AHE
o 24755 Tl ask] diizol Bo] A5 2Hge Sl
e 4= glo] S5 mhAIA| HaL, 1 A3 4310 o] & +F
ol |37t &.7] wiioll AbRAd 3] HFoll= w4 §lo] 9] &
SH=9] 413} pHY| W51 Htk(Taylor and Grosell, 2006).
T 23R W89 pHe AFR 9| 4, AR, AR 2, Hi
L, 357), 2B A 9 o] 7o W v, AR olF SOl whet
o5 4 Qe ™(Kapoor et al., 1975; Fange and Grove, 1979;
Nikolopoulou et al. 2011), € efa]o} Zro] ¥ o] gk o] 7=
9jo] pH7F B2 A] 114 5202 v toi}, 4= A7) Fo
4,67 4208 o] M3} Zo| ZA(Maier and Tullis, 1984;
Lobel, 1981), 97} Sl 230l A7} 6.67-730 =20
B AR AF $7.37-8.443 2 Ao 7} glekal A A 9k (Ka-
poor et al., 1975).

2 Aol A AR 3 Aol 9 WEE2 pHE BAIA o=
ZAReE Aah, AR ReRAahglol AR A3 A 4.0500 A AbR A
F 1 AZE S0l F5ste] Aol =Esiietrt o] o= w3t
stof 6-9 A7t Zof| QFFBIYAL, 18AIZI7HA] A Bl k&
Helot shARE 9 WE-=9] 4= ok pH §i3} Atk vt
He= BaFe 2ol pH 53 Al7]0l 558k3ieh 1eaL 44+
gt o] W AFR S| AR FYeE fodor
Wek=d|(Fig. 2), 01412 AFR A3 2 lag phase (Jones, 1974)

Fetol flollA 43t aavt HFAom Eu|E 7] gt A
O 2 AR, AT Ato]of pHO| Zfol= §lo] 2 vt
oA o Zpo|7h U= A o2 Kol 8 47E F-d E oA A
71 7= ofd Z o2 AYZHE L} Nikolopoulou et al. (2011)0]]
u}2 W, gilthead sea bream¥} European sea bassof| 7] o]}
carob seed germ meal 7]9t9] 2 7 AFRE HAEY Alm F
0] T2 pHE| Aol 24| Qe A O WL} 9lo] & o
7 2ajoh g Apsteleh T3 ol olge 5 Bl oz 9l &
S| @Y pHe Aol & H =T, sea bass= 2 oF
o] 59.60-89.01%= gilthead sea bream?] 60.26-76.55%%
EoHSolE B8}l pHy 2312 2.20-5.19 9= 3.37-
6.163 t} X WA [fA] o] 9 29=0] 72 R 2R
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