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A study on estimation of metabolizable energy content in starch-foods and seaweeds
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ABSTRACT

The validity of the energy data of the starch-foods and seaweeds in Korean food composition
tables has been suspected due to possible differences in their chemical compositions from those
of western food ingredients. Energy conversion parameters being used currently in nutrition
has been derived in countries where food items are quite different from ours. This study was
undertaken to determine the metabolizable energy of starch-foods and scaweeds by the method
selected in prccxpcrimcntzo).

Cooked starch foods and seaweeds were freeze-dried and fed to Sprague Dawley rat with
200~ 300g body weight to measure apparent metabolizable energy (AME) values and nitrogen-
corrected AME (AMEn) values for four days after three days of preliminary period for a-
daptation to the diets.

The AME and AMEn values of the wheat noodle were 4554.6, 4584.7, the Starch Ver-
micelli, 3763.4, 3855.7, the Ra myon, 4916.9, 4876.0, the Buckwheat noodle, 4469.7, 4442.0
keal / kg dry matter, the Potato, 4514.6, 4520.0 and those of the Bread, 3256.9, 3582.7 kcal /
kg dry matter, respectively. The AME and AMEn values of the Sea mustard were 3108.6,
3260.5, kcal / kg dry matter, respectively. Those of Sca tangle were 1437.3, 1631.3 and of Lav-
er, 3126.6, 3171.3 kcal / kg dry matter, resectively.

When the AME values of the starch-foods and seaweeds measureed in present study were
compared with energy values calculated by various conversion parameters such as Atwater's,
Rubner's, Sochun's and FAQ's, there appeared dramatic differences indicating that for many of
the food items, the latter energy values by conversion factors are hardly acceptable. These data
also suggest that the existing energy conversion factors are not applicable to seaweeds and a
further study is needed to obtain specific factors for the conversion to biological energy from
the chemical composition of seaweeds. (Korean J Nutrition 29(3) : 251~259, 1996)

KEY WORDS : apparent metabolizable energy(AME) - nitrogen corrected apparent meta-
bolizable energy(AMEn). :

{

Aed 19964 249 7Y

- 251 -



252/ %HET R 27 datel A gt

H

AR A9 el Fagh oA E AR AE
& B3 35 2 Qo e AF oduA] g A
sl ke 2L w39 gdaeld vl Fasich

Energy conversion factore 7HZ o2 AF2 of
Ab AR EE A AEste] AMEE AR AF
el 7IZH53 AF9] At AUA7LE ol ZAR
AzE Aolr?? 3 Sl daidE )7k en-
ergy conversion factors(Rubner, Atwater, FAO )
o] AAEo] UAT, MG B) F=, T2, A& T
oM F2 AHE S-guet A M wS FAA
53 g A A AUANE B 5 gl P
& oFA7HA] Bad vizh fok B3 o] F factor= A
o] HBFIH 152 HEAFE A7E Aol §
EH AFel FeElgle] A8 eAd dia HES

SAT ).
=), o A FE
51 3
24k
&4 ‘P%I’_” 7 6115471 o1g7)
HaA Ast Fgo] dolAle AR YA girt. o

A, slx AFe] dRvhe o2 Ay dadrE
AR AR E g S gleng el
F AEUY A27e olux B AT ML
7‘453}_1:]_3)4)

B AN E HEEEE o438 A balance 48
of ol gFlol A5 FANE 715t A= 4E

3 7HA 9] dutdiA} oY (AME) 9} &4 BA4% dut
AL A (AMEn)E S48k 1 g 7]&9] o
YA conversion factorgel <& 13A Az njarst

Table 1. Food items selected to measure energy values

o 2 B oRE A9 Bz AAskT

N o °l'7f£i, 27
(Basal Diet) 2.2 351t} 1
dow 2AYI|7He 7 73 Mi 342 AL )zt
249 B4e AYrIze R B £ASI.
2 955 918t Sprague Dawleyd 234 33

10 39, 230~330g9] A 307a]E A u% 2 AL
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cage(tN£717], M&)ol A &3], MY <A A)7h

o AFY% #2 & slth ARSA 9] AR A AFez
A SEE 2242 °Co2 X dgon, 23 A}Ec
AFE8 HeET URE H). 7]E Al Ak AL
Beo] Fato] AAEGT.

B A5 AMEE A|RES 1992ul 597 = #
TYANAM TS Rz, Fho| AT AFS F
TFYsted ALSEIFLL o]8 AEE 43 Aol Hjds}
7] A7 AAEE FA817] A8 W 2 WE 2
sttt 53], dl2fs vgd tAnls AR A%
< nyste] g9 A7 AL FYIA A stgen

Mohr $02 §EE 243 AFE PAE =2 v|F
oz vepith. ARel FRSH TURL, AegEse

Table 1] 8¢F 3t¢lon o]5 A& U9 HAE-S Ta-
ble 29 VEFALE,
Table 19 Yehd A &9 Hele o332} 7+ A
T o2 A sk U3 A8AM &
e o) EFE AAS b Y5 202 AEsk,
i 74 A B dia P Heert w8z 3

rlm

Fodd items Gooking condition Producer or product name
Z4*(Noodle, C)" 1Kg /21 A85E ‘Q_\_ 208 719 #4g AT
FH(Starch ve, O HFLe| B Zof %3 ¥ 208 7tz G EF7]
ZtHRa myon, O)  Fe B 2Xglo] 7% 7tz FreA
22(Buck, n, OF  Fo] #7] A3 F 20% 7}%&’4
Z A (Potato, C) Bo] #7} AFHEF 208 Jtdzd
4| w(Bread) A eta 4 F-F gl A Zﬂ
eisea m, o TIHFES 104 Bl Bol AL oF AT BE 2N Y e @gana

o] 25% 7}aze

GAvHSea t, O°  BAR FEL B B Yol 122 s1Ezxa oA B} (T AL
Z(Laver, R) Al FEHg 2dE ALE

1) R=Raw, RE A7} ¢l Al &+ cooked sampled] 2) re.=vermicelli

3) n.=noodle 4) m.=mustard

5) t.=tangle
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Table 2. Proximate analytical values of the food items

ltems Crude Crude Crude Crude Nitrogen
Moisture protein fat fiber ash free e.”
................................................ 0/'J eeeeriaeraeracetaeracetanreerranoennaaneanraans
Noodle, cooked 12.75 5.22 0.19 0.82 0.73 80.29
Starch ve/. cooked” 13.98 0.23 0.15 0.24 0.16 85.24
Ra myon, cooked 10.45 8.81 13.47 0.68 0.73 65.86
Bread, loaf, cooked 10.39 12.84 5.75 0.45 1.74 68.83
Potato, cooked 13.26 9.37 0.18 1.75 4.48 70.96
. Buckwheat no., cooked” 1241 1165 . 064 _______ 061 ... 044 7425
Sea mustard, cooked 15.80 22.30 1.90 3.60 11.20 45.30
Sea tangle, cooked 8.70 9.60 0.80 14.80 13.80 52.30
Laver, raw 11.90 36.70 0.40 3.30 6.90 40.70
1) Nitrogen free extract. 2) ve.=vermicelli, no.=noodle
Table 3. Formulation of exper imental diets
Ingredients Basal diet Test diet
............................................. Oy et

Food item" - 30.0

Corn 76.4 46.4

Soybean meal 7.0 7.0

Wheat bran 4.0 4.0

Com oil” 10.0 10.0

Limestone 0.2 0.2

Dicalciumphosphate 17 1.7

NaCl 0.1 0.1

Premix” 0.6 0.6

Total 100.0 100.0

Analytical values

Crude protein, % 11.33 ) -

Crude fat, % 14.56 -

Crude fiber, % 3.05 -

AME, kcal/kg 3729.00 -

1) Refer to food items in table 1. .

2) Stabilized by adding BHT(Chungang Chem. Co. Ltd. Korea, Seoul) at a level of 0.0125% of the oil

3) Vitamin and mineral premix supplied followings per kg diet : vitamin A 40 I.U., Vitamin D, 10 L.U., Vitamin E 60 LU.,
Vitamin K; 8mg, Vitamin B, 1mg, Panthothenic Acid 1.2mg, Niacin 3.2mg, Fe 6mg, Mn 10mg, Cu Tmg, | 120ug, Zn

Boz AP T FAAXE g0} o]AL M4 9 EAEIE 9l ZAplY
712 87 244120 F, 100 meshAS 3171, el QA5 A zbo] Alo)e] AFH ) Bire) wjd e

THHA B 7HEE GA] 2AAA meshE TANI zagigom Bus wa SAste] 24 AR AL
A2}t gate] -70°C WEadl B8t Aol stk
st 6~24 ARE S T ANF APAEE AL AAF Be By el AAKAS 93 05 N

AT T 2030
P o o _
ettt sulfuric acid(H,SO) & %3 &, 75°Ce 4% <&

A Aolo] wigEE Table 30“1"19’1’ 2o B AFE AzT|NA 48A7F AZsE e B39 100mesh

A A4 olo] wiF2 7]Z24o](Basal Diet) & o|-& screens EHEHEE Q1] 3_7]% AAsHA = -10°0
stoH, ZIzAeld AET ST 30%E 239N uz gaeidd. 439 =i Y TAS gad F
#(Table 1] food items)<k tiAIskel ABAI= A4 g hydrogen chloride(HCD)E 2 ml/day 2 7}

% 3]‘9\1‘4 HH—E\)}% }1\'—_]‘6-4 /HIO]'O’] OE]]?_}_— Ogoé:}\é%\% Table ﬂ_ z‘ry_‘ 4OC Lg;g_ E‘?’_{’—a}'%*_] _E_&]l}\]‘g_i /\]__g_ _B_}giq_
4cll44eh 2. A AR A A% Y 224 2R AEE 24
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Table 4. Proximate analytical values of the food items

Experimental diests Crude Crude Crude Crude Nitrogen
Moisture protein fat fiber ash free e.”
............................................. 0/0

Noodle, cooked 10.77 12.27 15.28 2.58 4.04 55.06
Starch ve., cooked” 9.49 8.38 14.93 2.83 3.82 60.55
Ra myon, cooked 8.28 11.43 19.90 3.37 4.36 52.66
Buckwheat no. cooked” 9.40 12.40 16.30 2.53 3.84 55.53
Bread, loaf, cooked 9.07 12.85 15.96 2.56 4.21 55.35
Potato, cooked 12.87 11.74 15.68 3.16 4.43 51.32
Sea mustard, cooked 10.10 15.60 15.00 5.10 7.00 47.20
Sea tangle, cooked 9.70 10.60 14.80 6.10 8.00 50.70
Laver, raw 12.10 20.20 15.60 2.80 7.00 25.00

1) Nitrogen free extract
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Ducan’s multiple range test® F95% P <0.05
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£o02 7lo] 259.4 keal & 7F4 =4 vgo] 164.8
keal2 71 VA Vehteh,
Ah HF e o) Ao 27#2l 536mg/4dayE
23] F5 AR Aoz Yepow BHalA T
A g LEFo| H&EHAl vkttt e Bl
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Table 5. Body weight change and dietary intake of rats during the balance study”

Dietary groups” Body weight Intake

Initial Change Feed Grossenergy Nitrogen

------------ g/rat e g/rat/4days kcal /rat/4days  mg/rat/4days
Basal Diet(BD) 259.8+10.9 10.7£3.6” 54.09%+ 7.86 245.5+35.68 980+142%
BD+Noodle 269.1+ 7.7 2.4+02° 68.19+ 7.83 314.34+36.1 1329+197°
BD+Starch Vermicelli 247.6+13.5 10.8+1.6° 62.42+ 597 228.0+26.6 857+ 89"
BD+Ra myon 300.6+13.3 -43+05° 67.00+ 9.54 322.6+459 1225+174°
BD+Buckw. N. 2557+ 9.8 94+24 67.75+ 9.41 321.3+43.3 1368+190°
BD+Potato 2549+ 84 0.7+1.2° 7142+ 8.72 325.8+39.8 1321+£172°
BD+Bread 265.4+13.7 2.6+1.7° 65.834-10.07 289.1+£44.2 1354+ 207°
Basal Diet(BD) 261.2+10.1 48+1.0° 67.36+ 5.10° 305.8+23.2° 1230+ 93®
BD+Laver 265.9+10.7 -10.7 +3.1° 57.31+12.08 259.4+54.7° 1845+398°
BD+Sea tangle 266.31+11.1 11524 52.81+ 6.35° 228.1+27.4° 849+102°
BD+Sea mustard 284.6215.9 37£1.0° 35.04+6.69" 164.84+31.5° 804+164°

1) All values were expressed as Mean=+SD.

2) The grains were added at a level of 30% by replacing com on a weight basis in the basal diet.
3) Means carrying different letters within each dietary group are significantly different at p < 0.05 by Duncan's multiple
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Table 6. Gross energy balance and nitrogen balance of rats fed ingredients as mixed diet”

Loss Absorbed

Diet: ? i . .
Ielary groups Fecal Urinary Fecal N Urinary N Energy Energy  Nitrogen  Nitrogen

energy energy

---kcal /rat/ 4days--- ---mg/ rat/ 4days--- keal / rat/ 4days % mg / rat/ 4days %
Basal Diet 42,67+ 537 428+1.14° 203+ 33 386+ 96 19857+31.09 809+19 391+ 64 401+ 49%
BD+Noodle 402141413 356+1.53 3414133 629+ 157° 2705342426  86.1+3.3 358+ 82° 285+110°
BD+S'tarch 4165+ 9.40 1.38+073° 256+ 42 156+ 48° 23496+19.97 845422 445+ 85° 517+ 64°
Vermicelli
BD+Ra myon  40.83+ 543 6214139 284+ 53 539+ 180° 275.60+4211 854116  401+148° 333+130°
BD+Buckw. N. 3871+ 6.63 4.16+1.46° 254+ 49 647+ 411° 269.39437.74  863+18  467+365" 355+30.6°
BD+Potato 3987+ 7.70 464+1.81° 326+ 65 365+ 139° 2813243127 863412 630+ 74 484+ 8.1°
BD+Bread 3939+ 8.16 9.35+2.35° 260+ 46 147241057° 24037+37.90 834119 -376+985° -25.2474.0°
Basal Diet 4273+ 587 5284208 278+ 39 329+ 20 257.75+19.68* B843+1.6" 622+ 67° 505+ 2.7°
BD+Laver 4917+ 978 5.58+223° 363+ 95 1123+ 263 2044145379 788+56° 361+138° 190+ 44°
BD+Sea tangle 6007+ 627 2.06+134° 364+ 68 437+ 246 16595+ 227 728+17° 514249 554298
BD+Sea mustard 36.87+ 745 1.75+073° 286+ 65 1+ 227 1261742429° 766+15"  76+238° 7143448

1) All values were expressed as Mean+SD.

2) The grains were added at a level of 30% by replacing corn on a weight basis in the basal diet.
3) Means carrying different letters within each dietary group colum are significantly different at p < 0.05 by Duncan's mul-

tiple range test.
%9 Urea2 WA E7] ol vehd A2 AlsHTH
E3] wheat® A%% Noodle, Ra myon¥ Bread’}
o2 et} v Jehgton o] Breadst A4 &40
71 202 Jelgt. o) A9 wheatd glu-
ten 2 2ol 2 Noodle, Ra myone 2 FHE-S
2 AZ¥8 Bread= °o1¥r} gluten ¥&o] & 7
B9 Alg3le] 99 TuT e PRy 519
FHE o] &3l A7 W] dulHor 4k

l A veht Aoz &g}

HxF9 Eixol 93 olux] w2 Sea tangle,
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ol ulg Bujdedo] FHIET B Aoz YEhkt
=, ole dzFol o dHE Aol dia(dasiy
g e vAsg ded gEoz AzkEr. ojsgt
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A Aol A B 74 XA § Jrka & Milton 59
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= _‘_5];;] *LQ—Zio]»—— OHL /\]71 7-]__3_!_ ZQE}
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A
= I I T ET

= =1 Az
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83~86% T2 AATY fxE AFHA %L
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A, Bread”}t 83.4% = 7V WA AR E e
t}. Breadd 7%t A4 £33 o] WasiA thl
29 glutendl] &3] ol1]=] Ashgo] Dol Aoz A
Z+Et},

AzFel olux] F5E L E4EL FRINHE B
& 72.8~788% 2 Usiston 7, wo], thAlek g0

= Uehgtovt AAzkel frelas QA g

3. AF Aol W = &

A3 2)o] 2L g E o] AME, AMEn< Table 79
At 2ot FFTA AdAole] AME intake® E
oA oA AES EOIZ] Aot Table 59 &
o dx) A2z 7o) Potato, Ra myon, Noodle,
Buckwheat Noodle 2.2 =4 Jel o™, Bread
7} 7V @A VRt

AFAol9) AMEE Ra myono] 7F¢ =4 vehdo
o, Buckwheat Noodle, Noodle, Potato £=2.2 e}
Wk (p <0.05). 1 the Starch vermicelli, Bread =
o2 Je oy 57 BA4 FodL gle Ao
2 JeldthP> 0.05). dskdozm A3 2o|9
AMEne A8 2loj2] AMES vp7HA 2 ZH7ke] &
AF Fa4& vebd ot Ry myonel 7H8 A e}
oo (p <0.05) I TS Noodle, Buckwheat Noo-
dle, Potato, Starch Vermiceli, Bread 2.2 §23}

7t Y=oz Jehdt) (p <0.05).

72| AME, AMEn
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Table 7. Estimation of apparent metabohzable energy (AME) and nitrogen-corrected AME (AMEn) contents of the various

grains added to the basal diet”

iy

. Dietary - Single ingredients
2) - -
Dietary groups AME AMER AME AMEn
................................................ KCal /K +reereermmseeeenen g
Baseal Diet 4104.1+ 97.6° 4040.0+100.3° - -
BD+Noodle, boiled 4461.7+170.6 4416.6+168.6° 4554.6+568.8° © 4584.7 +562.1°

BD+Starch ve.
BD+Ra myon, ins.
BD+Buckw, noodle

BD+Potato

BD+Bread, loaf

4163.94+110.1°
4479.3+ 82.4°
4389.5+ 90.6°
4517.1+ 62.1°
4014.6+ 89.7°

41259+ 95.0°

- 4427.4+ 99.3°
4327.8+ 66.7°

44633+ 53.3°

' 4059.1+175.7¢

3763.4+366.9°

4916.9+274.5"

4469.7+302.1°
4514.6+206.9°
3256.9+299.0°

3855.7+316.6°
4896.0+331.1°
4442.0+222.5°
4520.0+177.7°
3582.7+585.1°

Basal Diet

BD+Laver, d., R
BD+Sea tangle, C

42869+ 82.3*

4120.14230.5°
34744+ 82.8°

42055+ 82.8°

4068.2+£197.4°
3466.8+ 66.4°

3126.61678.5°
1437.3+275.9°

3171.3+657.9°
1631.3+221.3°
3260.5+479.2°

BD+Sea mustard, C 4003.5+ 76.3°

3995.3+143.8°

3108.6+254.3°

1) All values were expressed as Mean£SD.

2) Ins.=lnstant, Ve.=vermicelli, Buckw.=Buckwheat, d.=dried, R=Raw, C=Cooked. All foods were added at a Ievel of 30%

by replacing corn on a weight basis in the basal diet.

3) Means carrying different letters within each dletary group are significantly different at p <{0.05 by Duncan's multiple

range test.

g92Ee AME 2 AMEn2 Ra myon®] 714 &
ol BAA FA7F A EHNH L thE-2 Noodle,
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ple sugar, oligosaccharide, starch®] %ol tial =
Al F&d, HuTFute] 849 GFF 85~96%, 7HEA
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ose® 27t FH 89 32~T73%, 32~ 61% = VERE S
™ legumesTHE 28 a1t E WA oligosace-
haride(NSP)9] F%7} Y& o} o] 2213 awte]
LSS HHE 71 Aok 9} Ra myond
AME, AMEn©| 71 &7 YebgEd], ol AzA] 7]
gl SVl #4 F 48 ALE FrY7] ddol
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mustard®} LaverZtel = BA14 {227t QA=A &
& A5 T A7 A "}E‘r‘xkﬁ} P> 0.05).




258/ 5 2 AxFY datdlvR] o)

ol Hojo] AMESF AMEne M2 22 A%g 1
$o1 Sea mustard, Laver, Sea tangle =22 =7
velhgton AMEn%® Sea mustard, Laver, Sea
tangle 2.2 po]7} Hrh(p <0.05).

AAH o2 d=F AME, AMEns 2H+ B}
A JeElton E3] Sea tangle?] AME, AMEn:
7}z} 1437.3, 1631.3 Keal/ kg 2 7P A Yehdot
(p€0.05). o172 7 5°(1976)9) AT7-Azpel o] 3
279 €t RFo g HrhE 1 Y-S 9r|stH o
AL Table 89 AR & 3o}, o]of wpgh St
zte] N ATavt AR AEAER(ER A
Bl 2 d7tE FHoE ¥4 1 ot
= AgdAMe A, ek, B9 oy A& (53
&) 87.8+ 5.6, 72.8+1.7, 716.6+1.5% (Table 6)Z
vehged, o] Axe tgAlnl, wde) oz sk
(ZFNFA o8&, 56+19, 66+£24)°] 69+£19, 62+
24% % JEhd B | HER 50 o3 48 An
Hrpe =& Ao eyt

4. thAlAX|Z ] B 2

5 2 27 Al olux)7ke] vlalE Table 891
A 2o, R, 5 (Wheat), 21H(Ra myen),
23 (Buckwheat noodle)9) HEX7} ALtAERTE
EA Jeiston] Bn) Auke) APX|E AXX o)
A Uehstt}, ol AEe] Uadld RS 434 AR
B 22 AUAIIR ALtetdr) wEelg Az, 3
W& A2 Socheun?] AFX7F 713 Z-sH ek
w2 AR 9HE g 250 keal A= Apo)7} Wk,
ZhA 7 el e AFAE AR 2o} 350 keal A

v a Ae AR 7 AR 950 keal A&
A ViebgtTt

FETHE 2o HEFY At duAre ik e
2 APAF AR RG A Vel o 11 Aol &
AR A vETh T kol Lavers] 734 451.8~
676.7 kcal/kg A=, Sea tangle® 1911.6~2090.2
kcal/kg A%, Sea mustard: 367.7~473.7 kcal/
kg A= APAET AR 7F 24 e o= 8
250l v FREo] e daAastd JAd daAs
4284 B 9ids) 28 g} oluA] gre s At
3t%7) W& ole} At}

AfRAoR BHAHL A} opd AUFES Uit
2 AANE AF9 oA dia} Adelnz JAAE oAt
o7 AN AdFAE A Aol & FoE Als
Hoh e, AE5E9 4883 183 S0
AFThg 285 A2l vls) tiA} o x| 7te) A
do] B ¥ AZtEY. 1B R 2FY Al
A TS 712 WAY 7189 oduyA] EASRE
HEAA T AL B Holgt A4HY i
=, 7HAEH A2l A8 A & e oA Bt
Aol dig A77h A48 Bgsita B 4 9o

o ok
=2 =

B AgelA, I AMES AMEnS 4554.6,
4584.7 kecal/kg dry matter, B2 3763.4, 3855.7
keal/kg dry matter, =FH-& 4916.9, 4876.0 kcal/
kg dry matter, W22 4469.7, 4442.0 keal /kg dry

Table 8. Comparison between AME values of single ingredients in this experiment and the calculated values by various

energy conversion factors

Single ingredients”  AME by this experiment by Rubner” by Atwater” by FAOQ” by SoCheun”
........................................... KAl /g rrorrmrmremrmsemnmemr e
Noodle, boiled 4554.6 4077.0 3977.4 4090.6 3873.2
Starch vermicelli 3763.5 41014 4001.3 4026.6 3901.9
Ramyon, instant 4916.9 4848.8 4719.5 4718.8 4670.6
Buckwheat noodle 4469.7 4117.4 4016.4 3900.9 3906.6
Potato 4514.6 3899.0 3803.8 3690.4 3699.0
Bread, loaf 3256.9 4343.6 4233.2 4294.1 4145.6
Laver, dried, R 3126.6 3803.3 3701.2 - 3578.4
Sea tangle 1437.3 3527.5 3440.8 - 3348.9
Sea mustard 3108.6 3678.5 3582.3 - 3478.3

1) R=Raw. The oters are cooked.

2) Rubner's energy conversion factors are 4.1, 9.3, 4.1 kcal / kg, for protein, fat, carbohydrate, respectively.

3) Atwater's energy conversion factors are 4, 9, 4 kcal / kg, for protein, fat, carbohydrate, respectively.

4) FAO's energy conversion factors are 4.05, 8.37, 4.12 kcal/kg, for protein, fat, carbohydrate, repectively in noodle,
ramyon, buckwheat noodle and bread, 2.37, 8.37, 4.03 in potato and starch vermicelli.

5) SoCheun's energy conversion factors are 3.8, 9.3, 3.9 kcal / kg, for protein, fat, carbohydrate, respectively.
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