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On ‘Three Degree’ Method for the Evaluation of the Fruit Nutritive Values
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Abstract: In an attempt to solve the problems, such as concept confusion, no specified reference,
no recognized method and standard, which were encountered in current studies of fruit nutrition values,
we proposed a new ‘Three Degree’ (3D) method for future evaluation of fruit nutrition quality in this
paper . By saying 3D, we mean the degree of diversity (DD), degree of match (DM )and degree of balance

(DB) of the human essential nutrients contained in a fruit or its derived products. DD indicates the
‘presence’ or ‘absence’ of the different nutrients in a fruit, DM shows their percentages in meeting the
daily needs of human body, and DB evaluates the ‘ratio-relationships’ among the nutrients. All 3D indices
were calculated based on the daily human needs of the essential nutrients. Therefore, 3D method revealed
the relationship between the essential nutrients of a fruit or fruit product and their daily human needs. To

our knowledge, this study was the first report on a comprehensive, systematic and normalized evaluation
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of fruit nutritive values. Our 3D index provided a potential new approach for the categorization, grading
and control of fruit nutrition quality, and made it possible for a direct comparison of the nutritive values of
different fruits and their derived products.

Keywords: fruit and product; nutritive value; evaluation method; index system
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Table 1 The degree of diversity (DD) values of apple, grape, orange and lemon fruits based on data from literature

5 HIRHR 3R 1 % oA Fr
Category Essential nutrient Apple Grape Orange Lemon
7K Water 1 1 1 1
/KA Carbohydrate
ANIFIHR TR AR Linoleic acid (omega 6, ©-6)
Unsaturated fatty acid WEJBRER o-linolenic acid (omega3, ®-3)
W Rt 5 Calcium
Mineral fi#% Phosphorus

£ Magnesium

1 Sodium

#f Potassium
4. Chloride
& Iron
Bt Zinc
#i Copper
i Manganese
filt Todine
i Selenium
#H Molybdenum
44 & Vitamin Y2k CAURILIR Vitamin C/Ascorbic acid
4423 A Vitamin A
#4:% D Vitamin D
%3 E Vitamin E
4423 K Vitamin K
4/ % By /BilE % Vitamin By/Thiamin
YE 3 By 3T H  Vitamin By/Riboflavin
4E4: 3% By Vitamin Bs/Niacin
#i/: 3% Bs/iZ R Vitamin Bs/Pantothenic acid
4/ 3 Be Vitamin By
di4: % B/ E  Vitamin B7/Biotin
M Folate
%2 % By, Vitamin By,

— o e e e e e D e D e e e e e e e e e e e e e O O
o e e e e e e e e e e e e e e e e e e e e S O
* *

1
0
0
1
1
1
1
1
1
1
1
1
1
1
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0
1
0
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1
1
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1
1
1
1

— o e e e e e O = O e e e e e e e e e e e e e e e O O




X, TS, Bk, AR
AR FROME “ =R PR

[ 224, 2018, 45 (4): 795 - 804. 799
3
5 HIRHR 3R 1 % oA Fr
Category Essential nutrient Apple Grape Orange Lemon
DR IR MR Histidine (22)LAF) 1 1 1 1
Essential amino acid SEsEE R Isoleucine

1
oz Leucine 1
W2 R Lysine 1
FIT 2 R/ %R Methionine 1
ZKNZ R Phenylanaline 1
J52 % Threonine 1
A% % Tryptophan 1
iR Valine 1
[l B 474 Dietary fiber 1
&L Total 36 3 3
ZFE1E Degree of diversity 0.900 0.950 0.900 0.900

* A TER (2009),
* From Wang (2009) .

N o e e e e e e e

1
1
1
1
1
1
1
1
1
6

o

32 MEE

JLRCLSE (Degree of Match, DM s i B it T 3 A7 (1) & A AR 758 7 31 10 2 i L 5 N kg
Hf Kk E R VCECAE L, ErF 2 R h SME R R SR 2. il (PEERBEEERES
FRENED) 2013 Wt (PEEFRY Sy, 2015) h—RIEHRFESME (18 ~ 50 %) MHIEEEFRE
%% N\ & (Dietary Reference Intakes, DRIs), RIHfE#E4%E A\ & (Recommended Nutrient Intake, RNID+
EEBNE (Adequate Intake, Al) 51375 25 (Estimated Average Requirement, EAR), &% (h
FEE ) 552 e (AR 45, 2009) N ILABAHRSCHR GB R, 2012; BR#E 4, 20160 B
ﬁ%ﬁ#lﬁ@%@ﬁ%iﬁ%\ ARG T B EBA NS R R A, VAR GRS MILEE (DM, L
ML/ (DM) =1/k 2350 g i AR E TR R O AL E TR RGN . b k LR EFRERN
PR, 350 g e WERE T b B e RBE 4R ) 2016 it (WPEE R4y, 20160 HHEREK
“CORUEBENBE HEEN 200 ~ 350 g Brfif /K 7o XHEAT— R IR 3, AeA I A AR AT i 52 96 1 55 =6k
NEIEOCT, VLR fe B, R oA AL s R R e as, RN,

i3 (R 2) BoR, A TE (B 350 g nI R BRI M AN, L DM {E 0k 0.097.
0.109 F10.144. Kk, vy DL S bR UGG FE 0 DX 0 AN [ SR A IR B IR0, ks > %8 > 3%
Ho WK 2ERTELE Y, 350 g ATAR AT 26 AT K800 2 N ARsE H 4B 3R C rils . ANRIZEAR S,
SRAAHEZ K G 43R By (2R ARG er e CARRIRLTYE) S8R, WA /LR
B2 C BT DL LRI R AT AR AR A Sy WA A, I B s 8w BE. RMEdEZR (O
g R O FE.

®2 ETUREENER. AEMHERETEE (DM &

Table 2 The degree of match (DM) values of apple, grape and citrus fruits based on literature data
A HHE 5350 g BER AR (ISRLED

e = 3
ok FEE Z4AE Content (DM) of 350 g fruit
Category Essential nutrient - —
RNI 3 Apple %4 Grape A% Citrus
7K/g Water 1700 300.65 (0.1768) 310.45 (0.1826) 304.15 (0.1789)
K4k &5 ¥0/g Carbohydrate 120% 47.25 (0.3938) 36.05 (0.3004) 41.65 (0.3471)
AR TR TE3HR"/%E Linoleic acid (omega 6, ®-6) 42 NF NF NF
Unsaturated fatty acid P BRI /%E a-linolenic acid (omega 3, ®-3) 062 NF NF NF
B )76 % Mineral #5/mg Calcium 800 14.00 (0.0175) 17.50 (0.0219) 122.5 (0.1532)

f#/mg Phosphorus 720 42.00 (0.0583) 45.50 (0.0632) 63.0 (0.0875)
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42
e s e ANHHME B350 g BER ISR (ILRLED
R N ?F% . HiEAE  Content (DM) of 350 g fruit
Category Essential nutrients —
RNI 3 Apple Hii% Grape HH Citrus
B/mg Magnesium 330 14.00 (0.0424) 28.00 (0.0848) 38.5 (0.1167)
#/mg Sodium 15002 5.60 (0.0037)  4.55 (0.0030) 4.9 (0.0033)
#fl/mg Potassium 2000% 416.50 (0.2083) 364.00 (0.1820) 539.00 (0.2695)
4{/mg Chloride 23002 NA” NA” NA®
/mg Iron 12.0 2.10 (0.1750)  1.40 (0.1167)  0.70 (0.0583)
#E/mg Zinc 125 0.67 (0.0532)  0.63 (0.0504) 028 (0.0224)
#il/mg Copper 0.8 0.21 (0.2625)  0.32 (0.3938))  0.14 (0.1750)
ffi/mg Manganese 452 0.11 (0.0233) 021 (0.0467)  0.49 (0.1089)
fll/ug Todine 120 1.19 (0.0099) © 1.72 (0.0143) © 322 (0.0268)
1ili/ug Selenium 60 0.42 (0.0070)  0.70 (0.0117)  1.05 (0.0175)
#H/ug Molybdenum 100 3.14 (0.0314) © 4.81 (0.0481) ©  2.017 (0.0201)
EiESe YA 3 CHUR LR /mg 100 14.00 (0.1400) 87.50 (0.8750)  98.00 (0.9800)
Vitamin Vitamin C/Ascorbic acid
42 A/ugRAE Vitamin A 800 10.50 (0.0132) 28.00 (0.0350) 518.00 (0.6475)
Y47E % D/pg Vitamin D 10 NF NA® NF
#E'E % E/mga-TE Vitamin E 142 7.42 (0.5300)  2.45 (0.1750)  3.22 (0.2300)
4k % K/pg Vitamin K 80? NF NA® NF
YE42 % Bi/Biie/mg Vitamin By/Thiamin 1.4 0.21 (0.1500)  0.14 (0.1000)  0.28 (0.2000)
Y 2% By Vitamin Bo/Riboflavin 14 0.07 (0.0500)  0.07 (0.0500)  0.14 (0.1000)
44 32 By /meNE Vitamin B/Niacin 15 0.70 (0.04667) 0.70 (0.0467)  1.40 (0.0933)
Y % Bs/iZ H/mg 52 NF NF NF
Vitamin Bs/Pantothenic acid
#4123 Be/mg  Vitamin By 14 NF NF NF
4/t % By//EM % /ug  Vitamin B/Biotin 40% NF NF NF
I #2/ugDFE  Folate 400 NF NF NF
4i/E3 Bio/ug  Vitamin Bi 2 NF NF NF
WA HHM/mg Histidine (2JL5F) 600 10.50 (0.0175) 28.00 (0.0467)  28.00 (0.0467)
Essential amino acid 7535 F/mg Tsoleucine 1200 31.50 (0.0263) 28.00 (0.0233) 5250 (0.0438)
725 /mg  Leucine 2340 42.00 (0.0179) 3850 (0.0165)  80.50 (0.0344)
WA M/mg  Lysine 1800 35.00 (0.0195) 45.50 (0.0253)  84.00 (0.0467)
i % B/ % #/mg  Methionine 1020 38.50 (0.0377) 52.50 (0.0515)  42.00 (0.0412)
FN%K/mg  Phenylanaline 1140 73.50 (0.0645) 84.00 (0.0737)  94.50 (0.0829)
J72M/mg  Threonine 900 24.50 (0.0272) 45.50 (0.0505)  45.50 (0.0505)
% /mg Tryptophan 240 24.50 (0.1021) 21.00 (0.0875)  7.00 (0.0292)
SFEM/mg  Valine 1560 49.00 (0.0314) 45.50 (0.0292)  63.00 (0.0404)
JWetreT4i/g  Dietary fiber 25 4.20 (0.168) 1.40 (0.0560) 1.40 (0.0560)
JLHLJE¥ Degree of match 0.097 0.109 0.144

T “NA” ACRAAALZF Y B (ER AR AR “NF” RERETNZF YIS IR R L 60 kg AR T RAE N TR T briE; * %E
HdTRERM T © PR ChEEIRES, 2013); @ @EHBAR CFEEIRYS, 2013); @ JAEHK (2012); @ L) (2012);
® BifE 4% (2016); © Tj (2009),

Note: ‘NA’ means there is the substance, but no data is available from the literature reviewed; ‘NF’ means the substance might be absent from
the fruit; The RNI of amino acids are standards for an adult of 60 kg body weight; * %E is the percentage of energy; (U Estimated average
requirement, EAR (Chinese Nutrition Society, 2013); @ Adequate intake, Al (Chinese Nutrition Society, 2013); & Zhou (2012); @ Zhao

(2012); ® Chenetal. (2016); ® Wang (2009) .

3.3 FEE
NAREE AN R 5% 3 10 75 3K B [AAEAE ARG € [ Le . P42 (Degree of Balance, DB)

FEAR R P BT (AP E IR 38 18] (R B 9 ARG SR I 28 IR 3R I I L B 1, eV A2 2R
i AT E TR R B TR, AR AR & AR/ B IR R AP, DL AR SR LE
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BAESIH, B EF, BT R 0 A A R AR IR
Iy T SRS R R AR SRR IR (DB, AR ZUIEIRE FR VPO “BERIi
K7 (BREZHE 4, 2008; Yuetal, 2014; XA 4%, 2016; Mkik 4%, 2017), #R#s “ 2 KER
BT SO % u AARIEZE (1 a (U FE” B, LAHBC 1CR BUA AR U ) = 1 - 0.09 X [Jay -
i@ + wi) PEOH B 0,00, LU TR PPN R LR AR T i ik, BT
LA b b SR R R L 5 AR H S R BINGE " (S A R, RS F %
SPHIE (DB) =183 lay —will(ay + up)] o 6, k026K TR B AL R A AR
A O M, W KIN9): CRIHCEF K AMBIIPTFALAHL (1 C % T 36)s ay g B3t
KEFFMEPICR R QA RZH: u QTR R CRIEE RIS H R RS AR
IS B . RIS BTSSR R R 7R (PR . R IR A4 ) (1 DB
i, 45 SAIIUG T, EDYR IS0 DB (. WA, BEAMRA TR FE RN DB BN 1.
DB fiTkk, FWIH & H IR LG5 A
P 5 E R LU I AT R, 41 %3 FRAROEFEARAKEHEINEE

Table3 The Recommended Nutrient Intake (RNI) of mineral

igr ° elements and their contents in citrus
SV AL UL DB MRS R, DG S TGN (mg-dD AT (mg350 &)

R TE R A BT U Hlment RN Cins
one o R o K 2000 539
B, WSS, iR dES R 1 500 49

o HTARERIMEPHICES R, BIEHY] 800 12250

12 FORETERBEATILR (£ 3). e - o
580 RS DR A AR R, re 12 0.7

e ARHEA RLOC R B R R YA 2 123 028

HERRMSHENEDPI LA LR 08 0.14

PR &P PIIRILLAE . R 4 Rl Ta e ! 2-12 ggngj

. g, = ) e A Mo 1 .

T BN R LRI T ocbier o 000108

o[ 14 P P B

R4 RPTRAERFRANEARE LEFHBRIPINS WA E LE

Table 4 The ratios between each other among mineral elements in RNI and the ratios of every two contents in citrus.

LR Na Ca P Mg Fe Zn Mn Cu I Mo Se
Element

K 0.750 0400 0360  0.165  0.006  0.006 0002  0400° 0.060° 0.050° 0.030%
Na 0.009 0.533 0480 0220  0.008 0008  0.003 05330 0.080° 0.067° 0.0407
Ca 0.227  25.000 0.900 0413 0015 0016  0.006 1.000°  0.150°  0.125©  0.075%
P 0.117 12.857 0514 0458  0.017 0017  0.006 L1119 01677  0.139°  0.083%
Mg 0.071 7857 0314 0611 0.036  0.038 0014 2424° 0364© 0303° 0.1827
Fe 1299° 0143  5.714° 0011  0.018 1.042 0375 0067 0010  8333Y 0.005
Zn 0520  0.057 0.002  0.004  0.007  0.400 0360  0.064  9.600° 0.008  4.800%
Mn 0.909Y  0.100 0.004  7.778Y 0013 0700  1.7500 0.178  0.027  0.022  0.013
Cu 02600 0.020 1.143% 0002  3.636° 0200  0.5000 0.286 0.150  0.125  0.075
I 0.0060  0.657® 0.026° 0.051°  0.084Y 46000 0012 65717  0.023 0.833  0.500
Mo 0.0020  0214® 0.009%° 0.017Y 00270 15000 37500  0.002 7500 0326 0.600
Se 0.004Y 04100 0.016° 0.032° 0.052° 2870° 0007 0004 0014  0.624 1.913

e ORE 107 RoA = MREOU BT AR R B L) (up, 22 F =M BN HHG H RR S BB R ] (aps
Note: Mmeans x 107; The ratios between each other among mineral elements by RNI are in the upper right triangular region of the table (uyp),

and in citrus are in the lower left triangular region (a;) .
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Wk, I 2B RTER, k=12, Chy=66. CHIR 4 A THREEE N a, AL
X B A u, 2B AT XS N a 1 ou AR DB AR, EBRHE T FtE DB
VLA, BT (DB =1-LSY [fay - ugl/(ay +up)] = 0455,
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Table 5 The degree of balance values (DB) of apple, Table 6 The DI values of apple,
grape and citrus fruits grape and citrus fruits

IUEN WRULE  TEER qirkZ T TiES EZ:05 VEHC T i 25 4 2
Kind Mineral Essential amino acid  Vitamin ~ Average Kind DD DM DB DI

3R Apple  0.409 0.700 0.323 0.483 SEYL Apple  0.900 0.097 0.483 1.520
#%5 Grape 0.428 0.701 0.457 0.534 % Grape  0.950 0.109 0.534 1.407
i Citrus  0.455 0.874 0.440 0.591 Hth Citrus  0.900 0.144 0.591 1.365
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