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Studies on Sugar Component of Fruits by Gas-Liquid Chromatography
Shigetoshi KAWAMATA

Summary

Sweetness and acidity are both important in determining the taste of fruits, As the sugar
content of fruits varied according to species and variety, this study was carried out to detemine
the sugar component and content of typical temperate and tropical [ruits in the world. The
fruits collected included 15 species(25 varieties) of temperate fruits and 12 species(13 varieties)
of tropical fruits, The sugar content was analyzed by gas-liquid chromatography according to
the methods of Sweeley et al (28).

1) Drupaceous fruits contained fructoese, glucose, sorbitel, inositel and sucrose, The amount
of glucose was the highest, followed by fructese, sucrose, inositol and sorbitol, in that order,
Apricot and peach did not contain sorbitel but nectalin contained it, and peach contained
glucose, sucrose and fructose, in that order,

2) In berry fruits, only fructose, glucose and sucrose were present in the following order :
glucose > fructose >sucrose, The amounts of sugars in fig were in the order : fructose >glucose >
sucrose,

3) Pomaceous fruits contained fructose, glucese, sorbitol and sucrose, Moreover, pears
also contained inesitol, The amounts of sugars in pear decreased in the order: fructose™>
glucose>sucrose >sorbitol >inositol, The order differed from those of other fruits, Apple and
loquat contained, in decreasing order : fructose >glucose > sucrose >>sorbitol,

4) Japanese persimmon contained only froctose, glucose and sucrose, and the amounts
present were in the order : glucose >fructose>>sucrose in both of sweet and astringent varieties,

5) The sugars of citrus fruits were fructose, glucese, inesitol and sucrose, and their
amounts decreased in the order : glucose >>sucrose > fructose >>inositol,

6) Tropical fruits contained fructose, glucese and sucrose, Kiwi fruits(Chinese gooscberry)
and mango also contained inositol, The sugars present in tropical fruits consisted mainly of
glucose followed by fructose and sucrose in that order, Mango and pineapple contained large
quantities of sucrose, followed by glucose and fructose,

7) High correlation coetficients were found between fructose and e-glucose, and §-glucose,
between f-glucose and sorbitol respectively. Correlation coefficients between total sugar and
a-glucose, and f-glucose, and fructose, and sucrose indicated significance at .1% level, But,

from the results of principal component analysis, the amounts of total sugar as expressed
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sweettess were closely related with glucose and fructose, followed by sucrose,

8)  According to the results of classification of species aned variety to a basis on sugar

componient, it was shown that A group of pears consivted of fructose mainly,

Apples and

citris contained fructose and suercse were divided inte B ogroup, and C group belonged to

grapes, |apanese persimmons and some tropical froits consisted of glucese mainly,

wits included sstringent persiimeons, banina and

7 ogroup was loguat, apricat and blue-berry,

Morcover, The gronp of Kiwi fruit, pineapple

SUCTOSU,

I & =

BiE, bAEClEIh 725 T 0% g gL
S 1 T = I = (5 1 S
BRI - THEN, 20 AE

TH L,
FhEnf -
CHL 2l Tvn i

-y B MR H R, mw, M ERL A
B, FEs iz Ttso, L"%‘Wf&hk*iu-—
YaTHRE-TwWwihe fahTh Efi’%:?) ) e - &
IEoERA AL BEOLOMSERATLOE 'C-{f
FELTH0, 2R eTERIINEBSEMESICH
ST B
I ORI ERE, T F VR v s BiTE
D, MBI L Ty A E k=g 2o b=
THET 2 L0 TWE (7). LICFORD @HEIZR
Gl - TR WEZroHWELEs TR T
HZHOERDBILDS &b, n&c;ﬂm FRAEINL # s
o v 2= Linied TR AoE e Lot Bk A
Hotoli @SB,

ZhFToosti, HEESHEEL L » Tk
BhTEid (O, 4, 8); Fh¥its kjéféﬂ’ s o TR
WITHHTEN B2 h Rlidd -tz LL, &
T,MMmyb@mK.vuﬁi§hme?ﬂfbV
57 4 =12k HMOOIRLIENEEE B D, o)
HIZL B2 S BB ERT240 L Bbith. BE
* o BEHC o TEBE 0TS0 (10, 15,
22, 27, 31, 32), EAMBEEXFHTE O REOL
TiThe o o5 fov e 220, WRERM D AT LG
R OLWTH A r= P F 7 4= X b
ATV, ZOMIERIEC LTS L L EiT, #l
B, EHN O EA SERRITC L - TT i 70

I HH&sLvHE

1. il
iRt bt ¥ T A

SEITR LA L BT, B

D group

papavi. and E group was drupaceous fruits,
Their amonnts of total sugar were lower relatively,

and mangn were contained large ameounts of

HLUE g & OV BSOS MO BRI o T T a foe TR
st IR R D O A L, BHEL Tudnied
p Y el L% _'::1,‘;— l( ."r'i: ] I}iiﬁ?iu’"i.]ﬁi "ié( = 60);"_’)" A
Thife e BRI DS R M DY 2, £
ﬂfU'IH*_!;’:ﬂ'l‘ D T RS AL 2 b @% L
- Huelzeho gl G RREE, MUE, BuE, ReRkSRER X

-ﬁ“‘gyg»u)?tirt%mahl);w &0 @, Fllie 5 FTTHE

Ml E TR oA IR Gl S S L L

LI TEOENS T L fza Aoy o S5 R 6 1
o AT RTINS AR~ 2 LN o A,
e o LB, R T e — LRI R F
il »7fz»

fok, BPE, S LoFERE L CENCoVTE
HbETHE 1, 2T LI
2. Ay

HEas i 8, M T2 u T 1 izl
fos Fiedh, WE2g ED, W= —AT3H
ML, S IREETE, 200mICER Lz, Ol
S T LD, N/I0RE LV v T pll 7.5
~8. 0L, 100m/ ITEFL- O E
HEL, Dowex(H*™) # 5 A& L THRMERGELERL,
—EaA b o TAREGE L Chdsweeley 5280
Fie TMS (L (Trimethylsilyl) L, #AZ = b &35
7 4 —TIE Lics fods, ZHEEAMET S0, Bz
BEOG A BT, RERFE A BE Lo B3R TH
B

WAL m~ 7T 7 4 —OMIEKEFTAD LS hTH

XHics

5o
fii: BES AL =T 7T T 14— GC-4BMPFL,
#Fa 1 SE-30(5 %) 1.5mAZANT A,
I T a0 160°—260° C (B4 2°C HiR). Detector
300° ¢ (FID), Inject 300°C .
Z 0 — A T N6Om//min, M0, 7kg/cm?, Air 1kg/
em?, Sensitivity 10°, Range 1/32.
3. HEEEAT I



NMEE: HAZr= N7 F7 40— X 5 R EFOBERIZET 5798

Table 1.

Species and varieties of temperature fruits used for

analysis and its producing districts,

Japanese name

Scientific name

Producing
district

\
|
Arrp oy F Al ( Prunus avium var. duracina Bailey. Yamagatia
cev. Napoleon pref.
T PENSTIV I N =8 Prunus armeniaca Linn. cv. Niigataocomi Tokyo™
7 VLU A Prunus domestica Linn. c¢v. Seldum "
7y B " Prunus persica var. nucipersica Schneider Yamanashi
cv. Okitsu pref.
£ £ N Prunus persica Sieb. et Zuce. var. Tokyvo™
vulgaris Maxim. cv. Ohkubo
TN — 1T ey F— | Vaccinium ashei Reade. c¢cv. Woodard Tokvo™
P f T2 Ficus carina Linn. "
: | ¥ —% var. hortensis Shinn. c¢v. Brown Turkey
[ T2 7T Vitis labruscana Bailey. c¢v. Delaware 4
> 1y J [ £l V. labruscana L. ¥ V. vinifera L. "
‘ cv. Kyohd
Lele V. labruscana L. X V. vinifera L. J
cv. Takao (Seedless)
f [ - H:Al Pyrus sereotina var. culta. R. Tokyo™
cv. Nijisseiki
L= -5 Pyrus serotina var. culta. R. n
+ i 1 cv. Chéjure
[ *S—F Lok Pyrus communis Linn. var. sativa DC. Yamagata
‘ cv. Bartlett pref.
7+ 7% >» 7% | Pyrus communis Linn. var. sativa DC. Tokyo™*
\ cv. La France
S ‘ Malus pumila Miller var. domestica S. "
- | ) cv. F‘uji- ‘ '
| T Malus pumila Miller var. domestica S. "
L 7T A cv. Golden Delicious
= AL Eriobotrva japonica Lindley. Nagasaki
cv. Mogi pref.
A Diospyros kaki Linn. ev. Fuyu Tokyvo™
SKHB Diospyros kaki Linn. cv. Jiro I
77X RS Diospyros kaki Linn. "
cv. Hiratanenashi (Astringent fruit)
R Diospyros kaki Linn. "
cv. Yotumizo (Astringent fruit)
[ F—7N Citrus sinensis Osbeck. Cali-
il P cv. Washington Navel fornia
77 Ciirus paradisi Maef. 1"
A Xy 7 Ie—y cv. Marsh
b D Citrus poonensis Hort. Formosa
cv. Ponkan
RN I Citrus unshiu Mare. f. Ehime
cv. Sugiyama-wase pref.

# The fruits used for analysis were produced in Tokyo Agricultural

Experiment Station,
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Table 2,

Species and varieties of tropical fruits used for

analvsis and its producing districts,

Japanese name

Seilentific name

Producing
district

¥4 Actinidia chinensis Planch. New Zealand

el [ %7 Musa cavendishii Lamb. cv. King Ogasawara Is.
l5ns > Musa paradisiaca Linn. ev. Lacatan Philippine

oA A A Z 4 7| Carica papaya Linn. ev. Sunrise Hawaii

- T NF Mangifera indica Linn. cv. Heden Mexico

Garcinia mangostana Linn.

Thailand

M Durio zibethinus Murr. cv. Chanee V. | i

7 { F— Lithi chinensis Sonn. "
e ol Euphoria longan Lam. Formosa
FEP =T Nephelium lappaceum Linn. Thailand
F ) B Annona cherimola Mill. Mexico
2N Fay 7 Ananas comusus Merr. ev. Smooth Cayenne FFormosa

7o 7

Feijoa sellowiana Berg.

New Zealand
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Fig, 1. Extraction and fractionation procedurs

of neutral sugar solution from fruits,
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Table 3. The retention time of gas chromatogra-
phy of trimethylsilyl derivatives of
standard sugars

g:e(:ll\ of Sugar Retention time (Minute)

1 Fructose 16
2 a-glucose 19
3 Sorbitol 21.5
4 p-glucose 24
5 Inositol 28.2
6 Sucrose 42

The column used was 5% SE-30, with an initial
temperature of 160°C, The sample was chroma-

tographed for a temperature increase of 2°C per

minute, helding under isothermal conditions
when 260°C was attained,
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Fig. 2. Linear temperature—programmed separa-
tion of TMS derivatives of cherry,
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Table 4, Sugar contents in citrus and temperate fruits (mg/FW, g)

Species and variety Total sugar Iructose Glucose Sorbitol [nositol Sucrese
Cherry {Napoleon 77.5 17.0 418.0 1.4 5.8 5.3
Apricot { Niigataoomi 47.1 16.5 25.6 1.0 -- 6.0
Plum {Saldum 74.3 21.9 38.5 0.2 6.0 7.7
Nectarine  {Okitsu 94,9 22.6 6.5 tr gug 32.6
Peach {Ohkubo RO 02,7 33.0 0.7 =5 32.8
Blue-berry {Woodard 52.7 4.6 24,8 -— -- 3.3
Fig {Browh Turkey 65.0 323 98,6 o o 1.1

Delaware 122.9 41.7 67.2 -- -- 14,0

Grape Kyoho 128.8 43.4 74.6 B == 10.8
Takao 1304 43.8 771 == - 9.5

Nijisseiki 103.6 6.1 4.8 2.4 2.3 28.0

Pear Chojurd 136.2 38.6 53.6 19,2 3.9 20.9
Bartlett 101°1 40.2 21.9 17.7 3.1 18.2

La France 122.9 60.7 Z1.4 17.2 4.2 19.4

. luii 118.3 16.8 1.4 1.6 - 28.5

APRE YGalden Delicious 1040 19.0 25,1 0.3 =~ 2.6
Loquat {7 ogl 45.7 20.7 20.5 12 ~—r 3.3
Fuyn 145.4 G3.0 76,9 == =1 5.2

Japanese Jiroe 117.9 43.4 7.0 s - 3.6
Persintmon | Hiratanenashi 103.0 38.1 58.5 =i e 6.4
Yotumizo 101.3 39.2 56.2 -= -- 5.9

Nuavel erange 118.7 42.6 H6.6 == 9.7 9.8

N Grape fruit 114.0 L9 4B.7 = 73 26.1

e Ponlan 131.8 146.6 531 = 9.9 32,2
Satuma mandarin 118.8 98.4 43.4 == 8.4 22,6

Tuble 5, Sugar contes in tropical fruits (mg/FW, g)

Species and variety Total sugar Fructoss Glucose Sorbitol Tnesitol Sucrese
Kiwt fruit 164.2 51.2 2.9 = 9.3 24,8
Bunana JKiDg 95.2 313 50.8 Bl =7 13.1

Lacatan 108.6 39.5 35.7 - - 15.4
Papaya {Sunrise 97.5 30.6 a7.1 == == 9.8
Mango { Heden 223.2 46.1 4.6 Fx= 6.9 95.6
Mangostecn 142.2 45.1 G4, 8 =X s 32.3
Durian {Chanee V, 142.1 36.1 89.8 == == 16.2
Litehi 144.6 52.3 TR.7 - - 13.6
Longan 191.0 44.8 126.1 = ert 20.1
Rambutan 158.0 42.9 96.2 - = 18.9
Cherimoya 145.5 54.9 68,6 - = 22.0
Pineapple {Smooth Cayenne 182.4 50.5 60. 8 =a= == 71.1
Feijoas 8.2 24.2 37.0 - - - 24.6
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Table 6. Meurs, standuard deviations and correlation matrix o[ sogars
Glucose - T i
Variable Means 5B Frue — { TS“ Sorb. Inos Suer.
a
T n =38
Fructose 38.62 11.81 ~
I P 0,05 - 0.320
a-glucose 24.11 10.30 0.456 S P | 0.01 — 0.412
& - w T
B-glucose 30.05 i3.61 413 914 T~ 10.001= 0.511
Sorbitol 1.66 4.90 154 —.251 (346 T~
. | ™
Inositol 2.11 3,38 005 -.160 .098 140 Ty
Sucrose 20.19 18.14 .237 083 102 015 262 | e
Total sugar 116.72 37,91 ity 735 731 010 RETRRR
|
=Sl 1 e — - o
Ra-7 Fo, &7 Vol B, ol < BY M FLERRE. B7HEOF 1 PRy T L7 ¢
DB EDEB B iT. U, A-7 Ko, E LT RO AES S LT

Table 7.

Vectors and contributions of sugars

Component No, Contribution
Variable

1 2 3 on 3 comp,
Fractose 0.394 0.207 0.439 75.7%
a-glucose 494 =274 067 89.5
B~ # .493 -.281 -.057 89.7
Sorbitol -. 112 .467 .693 87.5
Inositol .002  .537 -.396 61.2
Sucrose .242 .493 -.403 73.3
Total sugar .B35 .232 -.003 99.2
Ligen value 317 L. ;6 1.03
Contribution 0.453  .223 .47 Mean
Dy usal ene 82 82.3%
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FWACRDBE iz VL b~y

Bis, #2 EWS gl

A 2de bo— 2%

FFig. 10.

Correlation between sugars aud components
on No,1 and No, 2 axes (left), and on No.1

and No,3 axes(right) (factor loading),

Note : Fru, Fructese ; e, a-glucese ; g, 5-
glucose ; Sor, Sorbital ; Ine, [nesitel | Suce,

Sucrose ; T-5, Total sugar,



ﬁilﬂﬁ[»ﬂi%.&%ﬁkﬁﬂ T H10% (1976%%)

o faTED, T s et LTwd Z Edvbdhds ZHUiefiiciski L Toge
Lizffiaigdaiadiiz. SO 3 Tl £ ToF % BT PO sl b o TwB o SR ERLTE
VE6L.2% 0 Fah 0, U TII82.3% THh Do Emb L Dy, FTILREh Ty 2 BEPBERLTV S E w2 5,
ORI HE 2w H - T Z kA 2) FEREHC Lo OFERE, SfEoS8E

KR TE 5, "_‘.,"L",?;\?)E: RSUE: a1 —v-h\taﬁ;;. RO T — 2 b T OO BT IIEL (Fe
1L (Zy) By (Ze) LcBERELELO ), FOEHE, BE<s badRen (78R, FO
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(Fruetose) (Sucrose)

Mango
°

=

Fructose)
(Fructose) (Sucrose)

=3 -2

} + + — Z
(Low-sugar)
(Glucose)
[T
°
Longan
+4—2
‘Low-sugar) (Glucose)
L—3
g, 11, The spread chart of species and varieties following to a basis of sugar compenent in fruits,

Note i Chr, Cherry i Apr, Apricot ; Nec, Nectarine ; Pea, Peach; Blu, Blue=berry ; Del,
Delaware 1 Kyo, Kyohd @ Tak, Takao ; Nij, Nijisseiki ; Cho, Chojurd ; Bar, Bar{!('L't ; LaF,
La France ; Gol, Golden Delicious 1 Lo, Loquut i Hira, Hiratanenashi @ Yotu, Yetumizo :
Nav, Navel orange ;| Gra, Grape fruit ;. Don, Ponkan ; Sat, Satuma imsandarin | Kig, King .
Lac, Luacatan o Pap, Papava 1 Mans, Mangosteen © Dur, Durian ; Lit, Litchi ; Ram, Ranibu-
tan i Che, Cherimoya @ Pine, Pineapple ;. TFei, Faijoas,
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