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The Changes of Sugar Content and Composition

by Processing of Various Fruits

Shunji Hiral, Hiromi SEN, Tamie Konpo and Koichi KawaMata

Summary : Using 11 types of representative fruits of those cultivated in Iida City
and the Shimoina district region of Nagano Prefecture, changes in sugar content
and composition were studied using heat treatments as a catalyst. These experiments
produced the following results.

1. A high degree of experiment reproducibility and stability using fruits heated in
a microwave oven was obtained. It was noted that microwave induced heating could
inactivate various enzymes, which could prevent the fruit's glyco-components from
transforming. Sugar content and composition in our raw test fruit was however
changed largely by enzyme action during their analysis and processing. Fruit boiled
in water gave rise to elution of the fruit's sugar.

2. Large differences of 8%-28% of total sugar quantities appeared in our test fruits
depending on fruits type, type of harvest, etc. These spontaneous fluctuations of
glucose, fructose and sucrose in our selected raw fruits gave a good indication
enzyme action within biochemical metabolic mechanisms such as monosaccharides
(fructose and glucose) and disaccharides (sucrose, etc...) € starch and glycosides.

3. Sorbitol was detected in 5 kinds of Rosaceae plants including Apples, Japanese
plums, Japanese pears, Peaches and Prunes. Sorbitol contents per 100 grams of these
fruits are shown below. Ratios of sorbitol occupied for total sugars described in
parentheses; Apples 0.50g (4.09%), Japanese plums 2.47g (16.0%), Japanese pears 2.48g
(17.8%), Peaches 3.12g (31.1%) and Prunes 4.38g (25.0%). These sorbitol fluctuations are
likely due to enzyme reactions such as aldose reductase and iditol-2-dehydrogenase.
These two enzymes promote the following reactions reversibility: Sorbitol © Glucose-
and Sorbitol < Fructose, respectively.

4. Fruits tested in this study were categorized into four groups by sugar compositions.
The first being the sucrose type (the sucrose occupied the majority of the sugar's
composition; Nectarines, Japanese apricots, and Japanese persimmons). The second
group was the sucrose-sorbitol group (the sucrose occupied in the mostly with
containing the sorbitol; Prunes, Peaches, and Japanese plums). A third group was
the fructose type (where fructose occupied the majority of the fruits sugar compositi
on; Blueberries, Grapes, Blackberries, and Japanese persimmons). A final group was
fructose-sorbitol (where fructose occupied in the mostly with containing the sorbitol;
Apples and Japanese pears).

5. Sucrose quantity in our raw test fruits during analysis and processing tended to
increase in Nectarines, Japanese apricots, Prunes, and Japanese plums, and to decrease
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in Apples, Blueberries, Japanese pears, Blackberries and Japanese persimmons. There
exist two possible causes for these fluctuations. One is the enzymatic action caused

by increased sucrose compounds like sucrose-phosphate synthase and sucrose
phosphatase. The other is B -fructofuranosidase and a -glucosidase in relation to

evidence of decreasing sucrose.

Key words : % (fruits), ¥&& (sugar content), ¥#Hi% (sugar composition), D
X3 (metabolism of sugar), ML (processing)
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Fig.l High-performance liquid chromatograms of glycocomponent in Japanese pears.

Symbols in the figure are as follows. a: Sucrose b: Glucose ¢ Fructose d: Sorbitol The high-
performance liquid chromatograph equipment was constituted of a Shimadzu LC-6AD pump,
and differential refractometer (RID-6A). The peak retention times and areas were determined
with a Shimadzu C-R5A chromatopac.
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Fig.2 High-performance liquid chromato-
grams of glycocomponent in Japanese
persimmon fruits. Experiments was
done under the all equal condition to
Fig.1.

Alphabet (a-c) are the same expression as

Fig.1.
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Tablel Content and composition of the sugar of the fruits (g/100g fruits) and
the composition ratio of each glycocomponent (%) in heat treatment by

microwaveoven.
Fruits (Harvest time) Sugars
Sucrose Glucose Fructose Sorbitol Total sugar
Apples (8) 2.38(19.D 2.06 (16.5) 7.55 (60.4) 0.50( 4.0) 12.49
Blueberries 1.14( 8.3) 3.64(26.5) 8.93 (65.1) 0 13.71
Grapes 1.73( 6.2) 7.85(27.9) 18.51(65.9) 0 28.09
Japanese pears 2.68(19.2) 2.12(15.2) 6.67( 7.8) 2.48 (17.8) 13.95
Nectarines 5.74 (56.5) 3.14(30.9) 1.28(12.6) 0 10.16
Peaches 6.72(66.9) 0.10( 1.0) 0.10(¢ 1.0) 3.12(31.D 10.04
Japanese apricots 9.86 (100 ) 0 0 9.86
Prunes 8.38 (47.7) 4.47(25.5) 0.32( 1.8) 4.38(25.0) 17.55
Blackberries 1.99(12.7) 4.18(26.7) 9.46 (60.5) 0 15.63
Japanese plums 6.43 (41.8) 3.99(25.9) 2.50(16.2) 2.47(16.0) 15.39
Jepepgse premmons @ upwes)  211G59 12645 0 8.66
T e rnons ®) 9260269  299(35.6)  3.14(37.4) 0 8.39
J P D 4470016) 6220300 10030480 0 20.72

These values were obtained by the high-performance liquid chromatographic method. This
measurement was carried out using Shimadzu LC-10AT type which was equipped with detector
(Refractive index detector, RID-6AV) and Shim-pack SCR-10IN column (¢ 7.9 X 300mm). The
measured temperature was 40°C, and the mobile phase was used to diseled water at a rate of
0.8m¢/min. Varieties of each fruit are as follows. Specific name : Apples (Tsugaru, Fuji), Blueberries
(Blueray), Grapes (Kycho), Japanese pears (Aikansui), Nectarines (Redstar), Peachs (Akatsuki),
Jpanese apricots (Yoshimura), Prunes (Czar), Blackberries (=), Japanese plums (Sorudam),
Japanese persimmons: nonastringent (Jiro), astringent (Ichida). And, the composition ratio of

each glycocomponent in various fruits was shown within parenthesis.
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Table2 Content and composition of the sugar of the various raw fruits (g/100g fruits)
and the composition ratio of each glycocomponent (%).

Fruits (Harvest time) Sugars
Sucrose Glucose Fructose Sorbitol Total sugar
Apples (8) 2.14(17.9) 1.97(16.5) 7.42(62.1) 0.42( 3.5) 11.95
Blueberries 1.11( 9.8) 3.02(26.6) 7.23(63.6) 0 11.36
Grapes 1.19( 4.2) 7.64(27.2)  19.20(68.5) 0 28.03
Japanese pears 2.42(19.3) 5.10(16.7) 6.11(48.7) 1.92(15.3) 12.55
Nectarines 6.59 (60.0) 3.39(30.9 1.00C 9.1 0 10.98
Peaches 6.24(66.8) 0.10C 1.1D 0.10C 1.1D 2.90 (31.0) 9.34
Japanese apricots 12.90(100) 0 0 12.90
Prunes 9.08 (48.4) 4.75(25.3) 0.21(1.1) 4.73(25.2) 18.77
Blackberries 1.60C 9.7 4,16 (25.1) 10.81(65.2) 0 16.57
Japanese plums 7.55(39.1) 4.57(23.7) 4.20(21.1) 3.01(15.6) 19.33
Jﬂmgiagiﬁﬁgﬁgsw) 160(17.3)  290(313)  4.77(515) 0 9.27
Japaness pereimmons (& 0 372GL4)  812(686) O 11.84
Japanese persimmons (1) 1 69 96)  521(20.8)  10.5860.6) 0 17.47

(Astringent)

Experiment sample and measurement condition were explained in Tablel.
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Table3 The comparison of sugar content and composition between raw
fruits and microwaveoven heat treatment fruits. (g/100g fruits)

. . Sugars
Fruits (Harvest time) -
Sucrose Glucose Fructose Sorbitol Total sugar

Apples (8) —0.24 —0.09 —0.13 —0.08 —0.54
Blueberries —0.03 —0.62 —1.70 —2.35
Grapes —0.54 —0.21 0.69 —0.06
Japanese pears —0.26 —0.02 —0.56 —0.56 —1.40
Nectarines —0.85 0.25 —=0.28 0.82
Peaches —0.48 0 0 -0.22 —0.70
Japanese apricots 3.04 3.04
Prunes 0.70 0.28 —0.11 0.35 1.22
Blakberries —0.39 —0.02 1.35 0.94
Japanese plums 1.12 0.58 1.70 0.54 3.94
Japapcse peraimmons & —a69 —0.21 3.51 0561
J D ey ™ ® —2.96 0.73 4.98 3.45
Japanese persimmons (11) —9.79 —101 0.55 —3.95

(Astringent)

These values were calculated by deducting glycocomponet quantity

of the fruits after

microwaveoven heat treatment from raw fruits one (i.e. Table2—Table1)
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Table4 The comparison of the sugar compositions between fruits given
by microwaveoven heat treatment and raw fruits. (%)

. . Sugars
Fruits (Harvest time) -
Sucrose Glucose Fructose Sorbitol
Apples (8) 89.9 95.6 98.3 84.0
Blueberries 97.4 83.0 81.0
Grapes 68.8 97.3 103.7
Japanese pears 90.3 99.1 91.6 7.4
Nectarines 114.8 108.8 78.1
Peaches 92.9 100.0 100.0 92.9
Japanese apricots 130.8
Prunes 108.4 106.3 65.6 108.0
Blakberries 80.4 99.5 114.3
Japanese plums 1174 114.5 168.0 121.9
Japaose pereimmons @ 87.3 93.2 3786
TR ey
Japaneﬁz b an 37.6 83.8 105.5

These values were obtained in the calculation formula of (A+CX100) A is the content of each
glycocomponent in the raw fruits. C is the content of each glycocomponent in the fruits

which conducted heat treatment by the microwave oven. Usually, various enzymes in the

fruits are inactivated microwaveoven heat treatment.
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v 1.64g (27.2%), 7 —~1) ~3.02g (26.6
%), 73y ~xY—416g(25.1%), 7 —
v4.75g(25.3%), A EE457g(23.7%), Y
v T1.97g(16.5%), *€0.10g(1.1%) T,
g AR, Fva—2ABREENE, -1,

EFFLryIMBREEDO 7L F—REICH
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TEEREO T - ZBOHIEIL, HLB
LiZ&L, B0+ 8 BT, 1145%, #
2, koYY, T—v, ZEETIZI00%
2#Ait, UL, FoMoRETE, N
Lishote, FNVa—RE, RPa—2X, 7
NI b — ZOEAE IR D BERS LN
K, REBEADBE SN T,

G) VEF-NVESURER, YIHO
Y v =0.42g (3.56%), F +1.92g (15.3%),
T — v4.73g (25.2%), A€ E3.01g (217
%), EE2.90g(31.0%) TZOEAMNPR SN
Erlerv—vickE L rlanre,

IOVIE - VERI, ERLEFLY
UIMBRETIR, BR-AklBZERLL &
B SEF L v VMR ED LRI, -
v123.89%, 7+ v84.6%, ZAE€146.1%, VY
vII0UTH -, Fi, FYEY VT,
ZEEESIV— VTIREL - I RERL.
BTV Y VTCRRENEEILLILRE, L0
BHELGE, YVIEN—VOERENEDLE

EHEHSIC o fz, Thid, ERER T,
INY b —ZADHTRER LT V- VLS
7 4 —-+¥(ECL1121) D-Fva—-Re v
WER =WV LAY —=N-2-Fe FafyF—
+ (EC1.1.1.14) (Y VE b+ — L & D-7 L7
PRI EDRERENEES LT VE R -
AENEELbDEME L, JOBRDS
B EL MRS LR, SHROWEESGD
oo,

4. BEMBREEAWIBEEOEEELME
o4

(1) #¥EEZ 7F8926.19g, 7/V—15.08
g, AE¥13.93g, Fv12.34g, TIvINY -
10.20g, Y~ =9.14g, %275V 879, ETE
7.92g, TNh—~1)—=T707g, HH7+8 HHI7.50
g, M+ 8 A1H6.38g, U A2.68gThHo1e,
ORI, Table5icRLIzITEL, &R
KL Td, Fih, BFL v IMEARER
HLTH, HEOEVEERL . BEINE
BEBTFL Y VMBREEORRE, FRHM

Table5 Rates of changes of sugar contents with heat treatment of

various fruits. (%)

. . Sugars
Fruits (Harvest time)
A/C X 100 B/A X 100 B/C X 100 C/A X 100

Apples (8) 9.57 76.5 73.2 104.5
Blueberries 82.9 62.2 51.6 120.7
Grapes ’ 99.8 93.4 93.2 100.2
Japanese pears 90.0 98.3 88.5 111.1
Nectarines 108.0 80.1 86.5 92.5
Peaches 93.0 84.8 78.9 107.5
Japanese apricots 130.8 20.8 27.2 76.4
Prunes 107.0 80.3 85.9 93.5
Blakberries 106.0 60.4 65.3 94.3
Japanese plums 125.5 72.1 90.5 79.7
Japaggj;g;ﬁiﬁ;gﬁBS(g) 107.0 80.9 86.6 93.4
dapenese persimmons (&) 141.1 53.9 76.0 70.9
Japane?eAsptil;;l;rérrigns an 84.3 118.6

Symbols in the table are as follows. A is the raw fruits, B is a fruits after the hot water
boil treatment and C is a fruits after microwaveoven one. The A, B and C are the total
sugar values which is included for each fruits.
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TR DI3.2%, ENT A272%TH - 7.
B, 9 ADP0BEDENMEER LIS &I,
v X DRAMNS L, HESHWD, Bic

BHLPThocbDLWHEE L. KA, 7

k7 (93.2%), €% (90.5%), +3 (88.5%),
x40 (86.5%), HA+ 8 HHH(86.6%),
BLUOF V- (85.9%) T3, HEBMAEHE
bizipote, ThEBRROKRES, WED
WO ENEELTHEbDEELL,
T, BT 3 TEL, BEESOEE,
—HboxkRE, GENHERICHEDMSEI -
7. COBEBRLIEOBRER, RERNOB
2 RE - BERIERIC & A EES O Lic
NTHEPREVEHEE L2, DT, B
HOEMDRRERNB, BEMEEORE
100gdHh 7o b OFESE & 7 Ok L% Table 6
2, BENARELET L v VIMAEEDH
SE - RO LEE % Table T 1T/R L 72,

(2) R7ov—2EiE, FNV—v 7.34g (48.7
%), REE6.81g(48.9%), T€5.16g (65.2

%), *7 %Y 516g(58.7%), v #2.66g
(10096), F +2.45g(19.9%), 75 v o~y —
1.50g (14.7%), Y »=1.69g (18.5%), HY
* 8 AHH2.05g (27.3%), #:7'+ 8 AH1.32g
(20.7%), 7K 1.00g(3.8%), Zn—~Y—
0.39g B.5%) DlEICEZ WV, TORI7 v -8
F, GEUECIOFLLPTVETS - 12,
i, BEROBRER (BEMARE B

Vv UMARE X100) SEVRER, v
DEFERIT0%, T—~1)—342%, B
* 8 HHA47.8%, 7K U5T8%Th »1:. K
stic, 2€%1069%, F¥91.4%, 7 %
) 89.9%, FN—v8T6%TiE, MBI
EVWERERERL .

8) 7A7 b—2El}, 7T FU18.07g(69.0
%), 75 v~ —6,00g (58.8%), Y > =5.84
g(63.9%), 7 ¥5.74g(46.5%), Tn—~Y —
4.85g (58.8%), H ¥+ 8 A#A3.01g (40.1%),
#e'+ 8 A12.85g (44.7%), 2EE1.61g(11.6
%), *x7%Y0.92g(10.6%), F—>0.16

Table6 Content and composition of the sugar of the fruits (g/100g fruits) and
the composition ratio of each glycocomponent (%) in heat treatment by

the hot water boil.

. . Sugars
Fruits (Harvest time) -
Sucrose Glucose Fructose Sorbitol Total sugar
Apples (8) 1.69(18.5) 1.33(14.6) 5.84 (63.9) 0.28(C 3.1) 9.14
Blueberries 0.39( 5.5) 1.83(25.9) 4.85 (68.6) 0 7.07
Grapes 1.00( 3.8) 7.12(27.2)  18.07(69.0) 0 26.19
Japanese pears 2.45(19.9) 1.88(15.2) 5.74 (46.5) 2.27(18.4) 12.34
Nectarines 5.16 (58.7) 2.71(30.8) 0.92(10.5) 0 8.79
Peaches 5.16 (65.2) 0.08(C 1.0) 0.08 C 1.0) 2.60(32.8) 7.92
Japanese apricots 2.66 (100 ) 0 0 2.68
Prunes 7.34 (48.7) 3.76 (24.9) 0.16( 1.1D 3.82(25.3) 15.08
Blackberries 1.50(14.7) 2.70(26.5) 6.00 (58.8) 0 10.20
Japanese plums 6.81 (48.9) 3.46(24.8) 1.61(11.6) 2.06 (14.8) 13.93
Japa?ﬁiengssgg?&%s ® 2.05(27.3) 2.44(32.5) 3.01 (40.1) 0 7.50
Japanese persimmons 8) 195 007y 9920(345)  2.85(44.7) 0 6.38

(Astringent)

Japanese persimmons (11)
(Astringent)

Experiment sample and measurement condition were explained in Tablel. Present study,

Japanese persimmons (11) experiment did not perform.
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Table?7 The comparison of the sugar contents in various fruits between
boiling water and microwave oven.

Fruits (Harvest time) Sugars
Sucrose Glucose Fructose Sorbitol
Apples (8) 71.0 64.6 774 56.0
Blueberries 34.2 50.3 54.3
Grapes 57.8 90.7 97.6
Japanese pears 914 88.7 86.1 91.5
Nectarines 89.9 86.3 71.9
Peaches 82.6 80.0 80.0 83.3
Japanese apricots 27.0
Prunes 87.6 84.1 50.0 87.2
Blakberries 75.4 64.6 63.4
Japanese plums 105.9 86.7 64.4 83.4
Japapese peraimmoss ® 478 785 230.9
Japan%fsggﬁzg§2§“5(8) 58.4 73.6 90.8
Japanese persimmons (11) _ _ _ _
(Astringent)

These values were obtained in the calculation formula of (B+CX100) B is a fruits after the

hot water boil treatment, and C is a fruits after microwaveoven heat treatment.
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