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Table 4-1 Carbohydrates in Some Foods and Food Products

Total Sugar Polysaccharides
Product (%) Mono- and Disaccharides (%) (%)
Fruits
Apple 14.5 glucose 1.17; fructose 6.04; starch 1.5;
sucrose 3.78; mannose trace cellulose 1.0
Grape 17.3 glucose 5.35; fructose 5.33; cellulose 0.6
sucrose 1.32; mannose 2.19
Strawberry 8.4 glucose 2.09; fructose 2.40; cellulose 1.3
sucrose 1.03; mannose 0.07
Vegetables
Carrot 9.7 glucose 0.85; fructose 0.85; starch 7.8;
sucrose 4.25 cellulose 1.0
Onion 8.7 glucose 2.07; fructose 1.09; cellulose 0.71
sucrose 0.89
Peanuts 18.6  sucrose 4-12 cellulose 2.4
Potato 171 starch 14,
cellulose 0.5
Sweet corn 22.1 sucrose 12-17 cellulose 0.7;
cellulose 60
Sweet potato 26.3 glucose 0.87; sucrose 2-3 starch 14.65;
cellulose 0.7
Turnip 6.6 glucose 1.5; fructose 1.18; cellulose 0.9
sucrose 0.42
Others
Honey 823  glucose 28-35; fructose 34-41;
sucrose 1-5
Maple syrup 65.5  sucrose 58.2-65.5;
hexoses 0.0-7.9
Meat glucose 0.01 glycogen 0.10
Milk 49 lactose 4.9
Sugarbeet 18-20  sucrose 18-20
Sugar cane juice 14-28 glucose + fructose 4-8;

sucrose 10-20



MovooakxapITeG

=
HC=0 H COH CHa0H
b | H O HO
HCOH HCOH
} ' OH H
HOCIH HO?H
HCOH HCOH H OH
T i 9.!-. ‘E.
HCOH HCO Haworth CHon H
| |
H,COH H,COH H7 oH 0 OH
Fischer Fischer - g -H
oldehydo-D o<~ D- OH HO
Glucose Glucopyranose 1C (D)
Conformotional
GLUCOSE{dextrose)

Aldose (ol'dohexose)



MovoOoaKXapITEG

CI.H20H [
CwO HO(i‘. = CH,0M HOHC 4 OH
I
HOCH HOC'.H H HO
{
HCOM HCOH H CHz0H
i | HO H
HCOH HCOH
| | Haworth
H2COH HaCO /3 -D~-Fructofuronose
Fischer Fischer H
keto-D- Fructose A - 2" HO " HOO
Fructopyranose H H OH
H
-D~-orobino-
f3-Q-orading OH CH,OH
Hexulopyraonose Conformational
B-Q-Fructopyronose
FRUCTOSE {1evulose) Cl- 2

Ketose (2-ketohexose,K 2-hexulose)



IT'I'IO C|'H0 (IZHO CI’HCI CIHO ?HO ?HO CHO
HCOH HOCH HCOH HOCH HCOMH HOCH HCOH HOCH
uéon H(!.'DH H‘Oll:H Hotl:n Hé‘on H("OH Hou":H uoéu
Ht:'.‘OH H%OH H(%DH H+:CDH HOG%H HOK::H HO‘!H HD{:H
n?ou Ht:I‘OH mion Hfl:OH mlTOH HfDH HCI‘OH HEOH

CHyOM CH,OH CH,0OH CHOH CH30H CH,OH CH,ON CH,OH
0-Alloss D -Altrose  D-Glucoss D-Moannosse D -Guloss D-idose  D-Galaclose 0©-Tolose

f_c,:o__f ¢ cno 4 t cro Lc:;ro _ 4

l-ltl:DH HO?H Htlroﬂ notin
H!T‘OH H(ITOH Hoafﬂ HOii‘H
HCOH HCOH HCOH HCOH
éH,OH éH,OH (l:H,OH é H,OH
D-Riboie D -Argbinose 0-Xylose D-Lyxose
t cHo 4 t cro $
H?DH HO'I‘.' H
HCOH HCOH
r.':u,on éu,on
o -Erythrose 0-Threose
: » !
H":OH
CH,OM

0 -Glycaroldehyde



['Aukodn
"o

|
o H-C—OH o

OH H-C-oH
(3e%) H=¢-on (62%)
CH=0H
e ANSSTN
11 *E¢odn
' *AADOECOCN
H OH
H
gy .
OH OH

Figure 4-3 Tautomeric Forms of Glucose in Aqueous Solution at Room Temperature



PpoukTdln

HOM,C O CH,OM
Ho

o *Ketodln

(4%) oEé(’)Cn
n *Ketoegoln

CH lﬂH
1
C=0

I
Hﬂ% OH =—= HO-C-H 'W“:QH
HO

i
CH,OM H-C-on HO OH
H-ni':-m-l
CHI OH

|
R

oH

[

(75%) {irace)

(21%)

Figure 4—4 Tautomeric Forms of Fructose in Aqueous Solution at Room Temperature



OAIYOOQKXOPITEC

MANNINOTRIOSE

A

GALACTOBIOSE
L A oy
MELIBIOSE
{ - N
HOCH
RN S o K o
HO HO O - &u
GALACTOSE GALACTOSE GLUCOSE FRUCTOSE
SUCROSE
[ - J
Y
RAFFINOSE
{ - )
STACHYOSE

Figure 4-9 Composition of Some Major Oligosaccharides Occurring in Foods, Source: From R.S.
Shallenberger and G.G. Birch, Sugar Chemistry, 1975, AVI Publishing Co.



OAIYOOQKXOPITEC

CH,0H CH,0H CH,OH
Q @HgOH Q\ /Q

HOCH, ©
Sucrose Maltose
CH,0H OH CH, OH
0 o}
OH
OH CH;OH
HO 0" on
OH CH,OH
Cellobiose Lactose

Figure 4-10 Structure of Some Important Disaccharides



Mn evCUUIKO yaupioua

» 2akxapo + R-NH, | apivogu pwreivng
— Avrtidopaon Maillard
— @¢puavon (YNoiPo, TNYavioud, KATT)
AvATITUCN KAPE TTPOIOVTWV




NHR
I CiH){CH IC™NR NH; NH.
| | =(
iCOol HCOH HCOH N \ N=
. «RNH, i 1.0 ~CH N--
HooH === HogH ==t oe = 3 CHs;
| | | |
HCOH HCOH HCOH N CH P
| | | 3 N
HCOH HCOH HCOH MelQ 1Q
i e = NH; NH.
CH,OH CH,0 CH,OH
_ N= N=
Z TR HiC.__N N-CH
D-Glucesa P ., S N N -
. ] -~ 3 3
1{?/ Ry CHNHR | 2 CH3 \[ =
CH.OH .|.__P P P
= L 4 N N
— D 1
ff \ Ho-r 10x NH., 8-MelQix
'y
( ~NHR HOOH =
o s HCOH N Y PHS
o | —
"N ______!;"{ HEOH HaC N\ CHs SN
oH CH,OH \[ P l _ /> NH,
N CHs N~ ~N
T N-Subsiituled 4 _DlMeI X phlp
rAOUKOCGHIVn 1-amino-1-deoxy-D-fruclose '8 Q
FiG. 1. Cooked food-derived mutagenic heterocyclic amines.
FIGURE 22
Products of reaction d¥-glucose with an amme (RNH 3).




KapapueAoTtroinon

¢ @Q¢puavaon atrouaia alWToUXwV OPNAdWY
* [1poKUTITOUV OUVOETA TTOAUMEPN

Caramelans (C,,H;;0,5)
*Caramelens (C,5H;,0.,;)
*Caramelins (C,,5H,5504,)

u
FRerE "
b s
e

« Cola, maywTta, yAuka, kEik (E150)



AOKTOIN

CH, CH

)

O'.
H,OH o OH
g f )
B

H? f o ¥ }
OH
\ OH >I
OH
FIGURE 26
Lactose.

KuUpia 1Tnyr evEPYEIAS yIa TO AVOTITUCOOUEVA BNAQOTIKA

lactase

lactose » D-glucose + D-galactose



[ToAUCaKXapPITEC

[TOAUPEP HOVOOOKXAPITWY

BaBuocg moAupepiopou (DP) = 200-15000
OpoyAouKAveg

— AJUAGCN, AUUAOTTNKTIVN

— KutTapivn

ETEPOYAOUKAVEC

— AAyiveg

— Koppea



[ToAUCaKXapPITEC

« XpNnoiyoTroiouvTal yia TNV augnon Tou
ICWOOUC Kal TN dnuioupyia gel.

* [ToAUOAeC, attoppoPouv VEPO.




Polysaccharide gels

dessert gels, aspics, structured fruit pieces
meat-analog pet foods, and icings
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Analytical methods for carbohydrates



table Occurences of Some Major Carbohydrates in Foods

Carbohydrate Source Constituent(s)
Monosaccharides®
D-Glucose (Dextrose) Maturally occurring in honey, fruits, and fruit
juices. Added as a component of corn
(glucose) syrups and high-fructose syrups.
Produced during processing by hydrolysis
(inversion) of sucrose.
D-Fructose Maturally occurring in honey, fruits, and fruit
juices. Added as a component of
high-fructose syrups. Produced during
processing by hydrolysis (inversion) of
SUCTOSE.
Sugar alcohol®
Sorbitol (D-Glucitel) Added to food preducts, primarily as a
humectant
Disaccharides?
Sucrose Widely distributed in fruit and vegetable D-Fructose
tissues and juices in varying amounts. D-Glucose
Added to food and beverage preducts
Lactose In milk and products derived from milk D-Galactose
D-Glucose
Maltose In malt. In varying amounts in various corn D-Glucose
(glucose) syrups and maltodextrins
Higher oligosaccharides?®
Maltooligosaccharides Maltodextrins. In varying amounts in various D-Glucose
glucose (corn) syrups
Raffinose Small amounts in beans D-Glucose
D-Fructose
D-Galactose
Stachyose Small amounts in beans D-Glucose
D-Fructose
D-Galactose
Polysaccharides
Starch? Widespread in cereal grains and tubers. D-Glucose
Added to processed foods.
Food gums/hydrocolloids®
Algins Added as ingredients d
Carboxymethylcelluloses
Carrageenans
Curdlan
Gellan
Guar gum
Gum arabic

Hydroxypropylmethyl-celluloses
Inulin
Konjac glucomannan
Locust bean gum
Methylcellulosas
Pectins
Xanthan

Cell-wall polysaccharides®
Pectin (native)
Cellulose
Hemicelluloses
Beta-glucan

Maturally occurring
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Carbohydrate analysis

Raw material,
ingredient, or
finished product

Dry
Water Dehydrated
material
1. Grind

2. Extract with 19:1 v/iv CHCl3-MeOH

! l

Lipids and Residue
lipid-soluble
components Extract with 80% ethanol
l lon exchange l
Residue
Mono-and
disaccharides

Flow diagram for sample preparation and
extraction of mono- and disaccharides.




HPL.C of Mono- and Disaccharides Usin
Refractive Index Detection
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Figure E1.2.1  Chromatogram of a sugar standard analyzed as described (see Basic Protocol). Figure E1.2.2 Chromatogram of a presweetened cereal analyzed as described (see Basic

Protocol).
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Figure E1.2.3 Chromatogram of an ice cream analyzed as described (see Basic Protocol). Figure E1.2.4

Protocal).

Chromatogram of a meal replacement bar analyzed as described (see Basic



HPLC of Mono- and Disaccharides Using
Refractive Index Detection

SAMPLE PREPARATION USING ANION-EXCHANGE MINI-COLUMNS ALTERNATE

Sample matrices with high levels of citric or other organic acids (e.g., cranberry juice)
can result in poor resolution. This method of sample preparation isolates sugars (i.e.,
neutral compounds) from acids using anion-exchange mini-columns. Development of this
protocol is based on research conducted by Hong and Wrolstad (1986). Although the
procedure does require additional time (i.e., twelve samples per hour), it does result in
improved resolution and a more stable baseline.

ALTERNATE
PROTOCOL 2

HPLC of

Mono- and
Disaccharides
Using Refractive
Index Detection

E1.2.6

PROTOCOL 1

HPLC OF MONO-AND OLIGOSACCHARIDES IN FRUIT JUICES USING A
CALCIUM-LOADED CATION-EXCHANGE COLUMN

A disadvantage of the amino-bonded column (see Basic Protocol) is its limitation with
samples containing small amounts of sorbitol in the presence of large quantities of glucose
and the incomplete_separation of both sorbitol and galactose from glucose. As an
alternative, the useecmz system with a calcium-loaded cation-exchange column
can alleviate this constraint. Development of this protocol is based on research conducted
by Durst et al. (1995). This application has been found to be useful for the determination
of glucose, fructose, sorbitol, and sucrose in processed fruit products, and is commonly




HPLC of Mono- and Disaccharides Using
Refractive Index Detection

Detector response
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Time

High-performance liquid chromatogram of
some common monosaccharides, disaccha-
rides, alditols, and the trisaccharide raffinose
at equal wt/vol concentrations separated by
anion-exchange chromatography and detected
by pulsed amperometric detection (see Sect.
10.3.4.1.2). Peak 1, glycerol; 2, erythritol; 3,
L-thammose; 4, D-glucitol (sorbitol); 5, man-
nitol; 6, L-arabinose; 7, D-glucose; 8, D-
galactose; 9, lactose; 10, sucrose; 11, raffinose;
12, maltose.
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JUB  selected Enzymic Methods
| table | of Carbohydrate Analysis

Carbohydrate Reference Kit Form?®
Monosaccharides
Pentoses
L-Arabinose (42,43)
D-Xylose (42,43)
Hexoses
D-Fructose (42,43) X
D-Galactose (42,43) X
D-Galacturonic acid (42)
D-Glucose
Using glucose oxidase (43), X
Sect. 10.3.4.3.3
Using glucose (42,43)
dehydrogenase
Using glucokinase (42,43) X
(hexokinase)
D-Mannose (42,43)
Monosaccharide
derivatives
p-Gluconate/D-glucono-é- (42,43) X
lactone
D-Glucitol/sorbitol (42,43) X
D-Mannitol (42,43)
Xylitol (42,43) X
Oligosaccharides
Lactose (42,43) X
Maltose (42,43) X
Sucrose (42,43) X
Raffinose, stachyose, (42,43) X
verbascose
Polysaccharides
Amylose, amylopectin X
(contents and ratio)
Cellulose (42,43)
Galactomannans (guar and (42)
locust bean gums)
B-Glucan (mixed-linkage) (42) X
Glycogen (42,43)
Hemicellulose (42,43)
Inulin (42,43) X
Pectin/poly(D-galacturonic (42,43)
acid)
Starch Sect. 10.4.1.1 X
(42,43)

2Available in kit form from companies such as R-Biopharm,
Megazyme, and Sigma-Aldrich.

HC=0
- CH.OH
O, oH
HOCH 5
|~ OH
HCOH HO
|
HCOH OH
| f-D-Glucopyranose
CH,0H 0,
D-Glucose
H,0, ?'}G‘
CH.OH H'I:GH
0
o o, "
OH = S
HO u* H'L|':GI-I
|
D-Glucono-1.5-lactone CH,OH
D-Gluconate

peroxidase
H;0; + colorless dye ————— colored compound + 2H,0

Coupled enzyme-catalyzed reactions for the
determination of D-glucose,
figure

Glucose Determination Reagent (glucose oxidase/

peroxidase; GOPOD)

D-Glucose + O, + H,0 (glucose oxidasel D-gluconate + H;O,

2H,0; + p-hydroxybenzoic acid + 4-aminoantipyrine

l (peroxidase)

quinoneimine dye + 4H,0




NEOGEN | Megazyme
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D-Glucose Assay Procedure
(GOPOD Format)

|660 Assays per Kit)
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D-Glucose Assay Kit (GOPOD Format) K-GLUC

https://www.youtube.com/watch?v=fMbpl6xbNNO
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Gums (Kopuea) YOPOKOAAOEION

Sample

Freeze dry (a)
r
Dry sample
Extract lipid {a)

) b Soluble sugars, other
Fat-free sample aqueous ethanol extract (b) low-molecular-weight

) ) " compounds, and ash
Digest with a protease (c)

I"‘rolcin-t'rcfe sample

Add NaCl and ethanol and centrifuge (d)
Polysaccharide ;arccipitatt

Remove starch via digestion (g)
Starch-froe sample

Centrifuge (2)

¥ L
Residue Solubles
{Insoluble fiber) (Soluble fiber + starch hydrolysis products)

Add NaCl and ethanol and centrifuge (f)
Polysaccharide precipitate
Dissolve, dialyze, and freeze dry (g)

Dry polysaccharide extract

Hydrolyze (h)

Derivatize
HPLC GC
analysis analysis

10-11 Flow diagram for isolation and analysis of polysaccharides.



10-4
Official Methods of Analysis for Dietary Fiber

AOAC Method
No. (5)

AACC Method
No. (80)

Description of Method and Measured Substance

99413

993.21

985.29

991.42

993.19

991.43

2002.02

993.03

997.08

2000.11

2001.03

2001.02

32-25.01

32-05.01

32-06.01

32-07.01

32-40.01
32-21.01

32-32.01

32-31.01

32-28.01
32-22.01
32-23.01
32-41.01

32-33.01

Total dietary fiber determined as neutral sugar and uronic acid
monomer units and Klason lignin by a gas
chromatographic—spectrophotometric—gravimetric method

Nonenzymic-gravimetric method for total dietary fiber
applicable to determination of =10% TDF in foods and food
products with <2% starch

Enzymic-gravimetric method for total dietary fiber in cereal
grains and cereal grain-based products

A rapid gravimetric method for total dietary fiber

Enzymic-gravimetric method for insoluble dietary fiber in
vegetables, fruits, and cereal grains

Enzymic-gravimetric method for soluble dietary fiber

Enzymic-gravimetric method for total, soluble, and insoluble
dietary fiber in grain and cereal products, processed foods,
fruits, and vegetables

Enzymic method for RS2 and RS3 in products and plant
materials

Enzymic-gravimetric method for insoluble and soluble dietary
fiber in oats and oat products

Enzymic-spectrophotometric method for total fructan (inulin
and fructooligosaccharides) in foods

Enzymic-spectrophotometric method for fructan (inulin) in
foods (not applicable to fructooligosaccharides)

Anion-exchange chromatographic method for fructan in foods
and food products applicable to the determination of added
inulin in processed foods

Anion-exchange chromatographic method for polydextrose in
foods

Enzymic method for B-glucan in oat fractions and unsweetened
oat cereals

Rapid enzymic procedure for f-glucan content of barley and
oats

Enzymic-gravimetric and liquid chromatographic method for
dietary fiber containing added resistant maltodextrin

Anion-exchange chromatographic method for
trans-galactooligosaccharides (TGOS) applicable to added
TGOS in selected food products




10-5 Total, Soluble, and Insoluble Dietary Fiber
- in Foods as Determined by AOAC Method

991.432
Food Soluble® Insoluble? Total
Barley 5.02 7.05 12.14
High-fiber cereal 278 30.52 33.30
Oat bran TA7 973 16.90
Soy bran 6.90 60.53 67.56
Apricots 0.53 0.59 1.12
Prunes 5.07 417 937
Raisins 0.73 2.37 3.03
Carrots 1.10 2.81 3.92
Green beans 1.02 2.0 3.03
Parsley 0.64 2.37 3.01

dAdapted from Official Methods of Analysis, 18th edn. Copyright
2005 by AOAC International.
PGrams of fiber per 100 g of food on a fresh weight basis.
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Megazyme

TOTAL DIETARY FIBER ASSAY PROCEDURE

(AOAC Method 99143 & AACC Method 32-07.01)

T1P5% AN A ommy tes ek LY
(100/200 A 55adysS el Kit)

K-TDFR-100A/K-TDFR-200A

P Pl ) ooz/212 ) 0 iy il

Total Dietary Fiber Video Method (AOAC Method 991.43/AACC method 32-07.01) with K-TDFR


https://www.youtube.com/watch?v=ZN3bz3EftJ0
https://www.youtube.com/watch?v=ZN3bz3EftJ0

