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STUDIES ON THE CARBOHYDRATES OF PLANTS

FRACTIONAL QUANTITATIVE ANALYSIS OF CARBOHYDRATE
PATTERN IN AGRICULTURAL PRODUCTS

Kazuya Hashimoto, Nebuaki Isobe and Zenjiro Takahashi

The purpose of the present paper is to propose a systematic method of fractional
quantitative analysis for estimating the carbohydrate patterns in agricultural products.

Khym and Zill¥ reported that borate complexes of sugars could be separated by the
ion exchange chromatography, while Mizuno® suggested that polysaccharides in plant
materials were divided into several fractions by extracting those with suitable solvents.

Dubois et al® reported that they developed a method for determining submicro
amount of sugars and related substances by using the phenol-sulfuric acid reaction
of saccharides.

By combing these methods. some simple sugars and polysaccharides were subjected
to the investigation of a fractional quantitative analysis of carbohydrates, and this was
applied to the estimation of carbohydrates in some vegetables.

The following results were obtained.

Glucose, fructose and sucrose were the simple sugars in the vegetables examined
(Fig. 3-6), and cellulose was the main polysaccharide component in vegetables (Table
7-10).

Trehalose was found to be the only simple sugar and mannitol, hemicellulose and
glycogen are contained in the greatest quantities among the carbohydrates in the
cultivated mushroom, Agaricus bisporus (Fig. 7, 8 and Table 11).
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Yellow orange OREIRIEWDTHRET, BEELSLHERKEZ T XCoORK(LY, LY
ZOHFERKICOVTHREAWMET., 20L7 I/BL ESEORERKA LERSHESZDT,
TYv2uyELDSERNUFETHS.

ZORRBARANS 480my FSEICEE LK, Table 1 & Table 2 RRIEE O
EERT. BRIEBAE 480my OEFEDOERTRA L, 8B0my CEF ZREETHHT

Table t Absorption data for certain sugars determined by
phenol sulfuric acid reagent (80 £g/ml)

Compound Wave Length Absorbance Difference
max. max. at 480 m#
glucoce 485 0.9136 0.8928 0.0208
galactose 483 " 0.6778 0.6615 0.0163
fructose 482 0.8665 0.8539 0.0126
mannose 485 1.0362 1. 0000 0. 0362
sucrose 482 0.9508 0.9431 0.0077
-maltose 485 0. 8996 0.8861 0.0135
cellobiose 485 0.8794 0.8416 0.0378
trehalose 485 0.8125 0.7905 0. 0220
raffinose 484 0. 7447 0.7399 0.0048
xylose 477 1. 3010 1.2840 0.0170
ribose 476 1.3188 1. 2840 0.0348
arabinose 476 0.9066 0.8794 0.0272
rhamnose 480 0. 7958 0.7958 0
glucuronic acid 480 0.5031 0.5031 0
galacturonic acid 480 0. 4437 0. 4437 0
suc. gle. fru. 482 0.8069 0.7959 0.0110
xyl. rib. arab. 476 1. 1549 1. 1308 10.0241
fru. glu. gal. man. 483 0. 8601 0.8477 0.0124
suc. mal. raff. 482 0.8601 0. 8539 0.0062
*mixture of sugars 480 0.9666 0. 9666 0

* Contained same quantity of (3 kinds of sugars.
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Table 2 Absorption data for certain polysaccharides determined by
phenol sulfuric acid reagent (50 #g/ml)

Compound Wave Length Absorbance Difference
max. max. at 480 m¥#

starch (potato) 482 0.4815 0. 4685 0.0130
starch (rice) 482 0.4711 0. 4685 0.0026
glycogen 485 0. 5287 0.5143 0.0144
dextrin 482 0.5622 0.5528 0.0094
inulin 485 0.5467 0.5376 0.0091
cellulose 485 0. 4868 0.4815 0.0053
galactomannan 485 0. 3893 0.3788 0.0105
pectin 482 0. 2426 0.2381 0.0045
alginate 478 0.1379 0. 1367 0.0012'
dextran 483 0. 5229 0.5171 0.0058
amylose 483 0.4976 0.4921 00055
xylan 478 0.6576 0. 6536 0.0040
agar 488 0.3188 0.2993 0.0195
CMC 485 0.3449 0.3208 0.0151
xyl. starch 478 0. 5528 0.5498 0.0030
dextrin starch 485 0.5229 0.5114 0.0115
inulin glycogen 482 0.5114 0. 5058 0.005¢6
xyl. sta. amy. dextran 482 0.5376 0.5346 0. 0030
*mixture 482 0.3788 0.3768 0. 0020

* Contained same quantity of 12 kinds of polysaccharides.
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Table 3 Standard curve of sugars

Table 4 Standard curve of polysaccharides

Compound Standard curves* Compound Standard curves ¥*
glucose Y=93.85X starch (potato) Y=110.30X
galactose Y=134.28X ” (rice) Y=117.97X
fructose | Y=103.46 X glycogen Y=103.46X
mannose Y= 94.74X dextrin Y= 97.38X
sucrose Y=101.73X inulin Y= 96.51X
maltose Y= 08.95X celullose Y=101.37X
cellobiose Y= 88.43X galactomannan Y=125.206X
trehalose Y=104.65X pectin Y=184.98X
raffinose Y=114.56X alginate Y=327.37X
xylose Y= 61.T4X dextran Y= 98.26X
ribose Y= 66.89X . amylose Y=108.48X
arabinose Y=103.46 X | xylan Y= 87.85X
rhamnose Y=92.31X agar Y=192.31X
glucuronic acid Y=157.63X CMC | Y=169.95X !
galacturonic acid Y=198.00X | xylan starch ‘ Y= 95.62X E
suc. gle. fru. Y=100.51X ' xylan starch dextran | ~an = ‘
xylL. rib. arab. Y= 70.75X amylose L f— %651 %
suc. mal. raff. Y=93.69X po_lysaccl':karides | Y=194.01 X
fru. glc. gal. mann. Y=94.37X mixture 7 i |
mixture ** | Y= 96.55X | * Contained same quantity of 12 kinds of

* : polysacchardes.
* Where Y is the sugar concentration (#g/ml) ., Symbols were same as Table 3.
and X is the absorption at 480 m#. .
*k Contained same quantity of 138 kinds of
sugars.
Table 5 Elution order and recovery of 2 % 2
some sugars g ° :?: ::(
o $ 8 o @
(Na, B¢ Or) o |I€2 e 28 §
sucrose 0. 005 30 102.0 2 = e s =
raffinose 0.005 30 99.6 b= ]
cellobiose 0.005 80 91.0 205
maltose 0.02 450 98.4 §
ribose 0.02 540 97.0 o
mannose 0.02 730 90.2 K h /\
fructose 0.03 890 95.8 s
arabinose 0.03 900 96.4 80 120
xylose 0.03 1000 89.1 NezB4O? |-o.oosm+o.ozm—'+—o.os M—
galactose 0.03 1030 99.0 Fig. { Separation of sugars by using ion
glucose 0,03 1150 96.9 exchange
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B OB () = 96,55 X eeeessreesenieins (1)
BER (ug) =124.01 X cooveenmmaisminnnns (2)
HL x=x;-X¢
x; ¢ FRRICBA LR O M RIERDORLE
xo : PRGN RIS O B

Fig. 2 Procedure of separations of carbohydrates in plant materials

Powdered water-free sample 100 mg

80% EtOH 50 ml, 80 C 8 hrs,
mono- saccharide | —
oligo- 50% EtOH 50 ml, 80 C 8 hrs.
. 9 —
polysaccharide H.O 50 ml, 20-30 C 8 hrs.
araban galactan 3 —
H.0 50 ml, 100 C 8 hrs.
starch glycogen 4 —
1% Ammonium Oxalate 50 ml, 100 C 8 hrs.
pectin 5 —
5% NaOH 350 ml, 30 C 2 4hrs.
G —_—
hemicellulose 5% NaOH 50 ml, 100 C 8 hrs.
7 —
204 H.SO4 100 ml, 0 C
cellulose 8§ —
lignin
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Table 6 Recovery experiments of mannitol with mushroom extracts

mahtm (o | mangtelagaes | mgnfRee |0 | R
1 3.7 604 3.75 100.5
2 8.8 PR 3.68 98.7
3 878 I%jij;f 3.70 99,2
4 3.73 20.800 3.73 100.0
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Table 7 Analysis of carbohydrates in strawberry
Fraction wavﬁdallgﬁ th Absorbance at 480 m# Carbohydrates
number g . y %
m¥ X1 Xo X
1 482 0.6234 0.0061 0.6173 62.04
2 480 0.4584 0. 0026 0.4558 2.83
3 480 0.1024 0. 0009 0.1015 0.63
4 480 0.2007 0.0141 0. 1866 1.16
5 480 0.1306 0.0104 0.1190 0.74
6 480 0.2306 0.0883 0.2306 1. 43
7 480 0.1993 0.0645 0. 1993 1.24
8 480 0.5654 0.0269 0.5385 5.46
Total amounts of carbohydrates 75.53
Table 8 Analysis of carbohydrates in pimento
Fraction Max. Absorbance at 480 m# Carbohydrates
be wave length 2%
humber m# X1 Xo X 4
1 485 0.8363 0.0114 0.8363 42.03
2 482 0.6383 0.0195 0.6188 7.67
3 485 0.0904 0.0009 0. 0895 0.56
4 482 0.5143 0. 0088 0.5055 3.13
3 482 0.4634 0.0259 0. 4375 2.71
6 480 0.4976 0.0926 0. 4050 2.51
7 480 0.3487 0. 0926 0.2561 1,59
8 482 0.8861 0.0061 0. 8800 8.92
‘Total amounts of carbohydrates 69.12
Table 9 Analysis of carbohydrates in white asparagus
Fraction lelx. n Absorbance at 480 m# Carbohydrates
ber wave lengt %
num m# X3 Xo X
| 482 0. 7696 0.0259 ’ 0.7437 37.38
2 480 0.5031 0. 0555 0.5031 5.55
3 480 0.1512 0. 0009 i 0.1503 0.93
4 480 0.4976 0.0035 | 0.4941 3.06
5 482 0.3449 0. 0095 0. 3352 2.10
6 480 0.8737 0. 0862 0.5875 2.94
7 480 0.4089 0. 1135 0.2954 1.83
8 480 0.9218 0.0287 10,8931 9.05
Total amounts of carbohydrates 62.82
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Table 10 Analysis of carbohydrates in cauliflower

Fraction Max. Absorbance at 480 m# Carbohydrates
b wave length %
number e % %o X
1 485 0.5952 0.0132 0.5820 14.63
2 480 0.2741 0.0026 0.2715 8.42
3 480 0.1284 0. 0009 0. 1275 0.80
4 480 0.7238 \ 0. 0052 0.7206 4.47
5 480 0.6655 ‘ 0. 0009 0. 6646 4.12
6 482 I 0.7033 0.1215 0.5818 3.61
7 480 0.4437 0.1112 0. 3324 2.06
8 482 0.8996 0.0214 0.8782 8.90
Total amounts of carbohydrates 47.01
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Table 14 Composition of sugars in some vegetables

Vegetable Sucrose Fruactose Glucose Trehalose |[>u8ar/ C;rlt:)ghydrate
% % % %
strawberry 9.53 28,24 21.83 — 82.1
pimento 5.10 19.02 16.26 — 60.8
white asparagus 3.10 18.64 13.63 — 59.5
couliflower 3.64 6.08 4.92 — 31.1
mushroom — — — 3.71 8.4

725D &, Hughes 50T & » T 1958 EICFEEKOMAIRYDOBHERE R -/~ 0= /7
7 4—ICX > THRIEBBLILEETHS.

<y V2= AFREDORKILBSFERDHERRI Table 12 IT/RT X5 KEAKILHIERRZ. 4
% TLRKXHDOF 3= =y ' THB. ~1 240 —X20%, 7)) a4 158 BILE
HETh-/.

Table 12 Analysis of carbohydrates in the cultivated mushroom

Fraction Max. Absorbance at 480 m# Carbohydrates
number wave length %
m# X1 Xo X
1 480 0.7399 0.0097 0,7302 3.71
2 480 0. 4001 0.0168 0.3833 2.38
I 3 480 0. 1487 0. 0085 0. 1452 0.90
| 4 480 0.5884 0.0467 0.5414 6.71
5 482 0. 4089 0.0362 0.38727 2.31
[ 482 0.5686 0.0915 0.4771 2.96
7 482 0.5287 0. 0655 0.4732 5.87
8 482 0.1612 0. 0009 0.1603 1.63
mannitol 570 17.53
Total amounts of carbohydrates 44.00
HHEI LV ANAD—XDAT, Sa—2R 10 & sugar

R ahiohsobs, BHEERS (777
¥avl1) EMKMETBEFig. 7oL
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TIna—RTERRISYV =, Y THAI LHEEShL.

— 402 —

o acid hydrolyzate

at 480 my

A



' qehe——
\

L]

I
T )

&

Table 13 Sugars in acid hydrolyzates of hot
water extracts from the cultivated
1.0 mushroom
mg/g .
2 Components (;noisture. ) Ratio
° ree basis
2 0.5 unknown 0.96 1.8
E ribose 4.99 6.9
a mannose 4.68 6.4
° fructose 2.56 3.5
I galactose 9.00 12.4
40 80 120 glucose 50.63 69.5
Fraction Number xylose trace —
Fig. 8 Sugars in acid hydrolyzates of hot Total amounts 72.82 100

water extracts from mushroom
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