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“ABSTRACT

A high performance liquid chr’omafbgraphic (HPLC) method was developed for the
simultanecous determination of the flavor enhancers monosodium glutamate- (MSG),
inosine-5'-monophosphate (IMP) and guanosine-5'-monophosphate (GMP) and chloride
(NaCl) added to food, as well as other related compounds pfcscm in food éuch as pyroglutamic
acid and aspartic acid. This rai)id method exhibited excellent recoveries, and did not require
derivatization or gradient elution by using refractive index. (RI) and ultra-violet (UV)
detectors in series. |

The stability of flavor enhancers'in the ‘canning process was studied under various pH
condiu',on;. It wa‘s found that MSG was stable while the flavor nucleotides IMP and GMP were
hydrolyzed. Thé c;nesponding nucleosides and bases; inosine and hypoxanthine, guanosine and

. guanine were shown to be the decomposition produclts of IMP and GMP, respectively.



ZUSAMMENFASSUNG

Es wird eine HPLC-Method zur Untersuchung von.Nahrungs-mitteln beschrieben,
welche die gleichzeitige Bcsu‘mmimg ;on 'G;schmacksvcrstﬁ:kcm Giutamat (MSG),
Inosin-5'-monophosphat (IMP) und Guanosin-5'-monophosphat (GMP) neben zugesetziem
Chlorid (NaCl) und vorhandenen Vcrbindungsn wie Pyroglutaminsiure und Asparaginséiure
erlaubt. Diese schnelle Methode ist hervorragend reproduzierbar und erfordert .weder eine
Derivatisicfung noch eine Gradientenelution bei ' Verwendung ‘einer Kombination aus
Refraktometer und UV-Dctektof. ,

Die Stabilivit von Geschmacksvcrétﬁrkcrn beim Konsevierungs-prozess | von
Nahrungsﬁu‘ucln wurde unter verschiedenen pH-Be-dingungen untérsucht. Es wurde
fcstgestellt.‘d;xﬁ MSG im Gegensatz zu den Agcschmackuntcrstijtzcnd-cn Nukieotiden sehr stabil
ist. Es‘ konnie gezeigt werden, daf die korrespondierenden Nukleoside bzw. Basen Inosin und

Hypoxanthin, Guanosin und Guanin Zersetzungs-produkte des IMP bzw. GMP. sind.

vi
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1. INTRODUCifION

A flavor enhancer is defined as a substance v\vhich when present in a food accentuates
the taste of the food without contributing any flavor of its own {73). Monosodium glutamate
(MSG) for many years has been the best known and S:xost wxdel\il used flavor cnhancer The
nucleotides today are commonly used together with MSG because of their synergistic taste
effect. There are over 8000 scientific publications on flavqr enhancers (105) which show that
flavor enhancers, iﬁcluding monosodium glutamate (MSG);, inosine 5'-monophosphate (IMP)
and guanosine 5'-monophosphate (GMP) are among the most sfudied food additives.

Although, MSG was listed as a GRAS (generally regarded as safe) substance for_ many
) yéars (106), questions concerning its safety arose from time tc; time and the use of MSG is still
controversial. Since flavor enhancers are additives in many foods and with the public concern
over food additives, there is a need 10 dechOp analytical methods to quantitate flavor enhancers
for product control. Also, using these miethods one can investigate the stability of these
compounds in prepared foods. ' |

In an ant;mpt to introduce inf om'u;m'on related to the many aspects of .ﬂavgr
enhancers, the following chapter is divided into six sections. The first five sections deal with\l\lv)’
general interest in flavor cnhaném-; 2) toxicological aspects; 3) compounds related to flavor
enhancers; 4) stability of flavor enhancers (MSG, IMP and GMP); and 5) analytical methods.
The sixth section is devoted to high performance liquid chromatographic (HPLC) methods.

Since flavor enhancers -~ zdded to many canned foods and since canning is such a

vigorous processing procedu:z, . “7as investigated to determine the stability of flavor

enhancers. Canning was carrV: ou. >us. pHs and times which mimick_cd usual commercial

canning procedures. A d&aﬂed review 1+ the aspects of ca..ming is beyond the scope of this
- thesis. Interested readers are referred .- renc 7.



1.1 Generalﬁlnterest

1.1.1 History of Flavor Enhancers
The story of MSG began centuries ago whch certain seaweeds were used in the Far-Eas:
to improve the flavor of soups,and other foods (73). The function of MSG as é flavor
» enhancer was discovered by Ikeda in 1908 at the University Qf Tokyo when he was carrying out
research into the kelp, seatangle ( Laminaria japonica ) (87). Later, under Ikeda's direction,
Kodama in 1913 isolated and idenﬁficd the his&ci/if salt of inosine m-onophosphatc from dried
bonito (101). As an aside, it is interesting to note IMat MSG and IMP were actually first
isolated by two Germans: Ritthausen who isolateq MSG in 1886 and Liebig who isol;ned IMP
in 1847 (73). Nevertheless, it was the Japanese scientists who‘discovered the significance of o
these flavor enhancers. Kuninaka between 1951 and 1558 pointed out that athohgh inosine
monophosphate can exist as 2', 3'and 5'-isomers, only inosine-5'-monophosphate (IMP)
possessed flavor activity. He also discovered that guanosine~5'-monop1;osphate (GMP)
: possessed flavor activity which is more marked than that of IMP. Later, GMP was reported to
| be the main flavor enhancing component of dried mushroom "shiitaké" (106). Disodium IMP
as well as dxsodmm GMP were approvéd by the Food and Drug Administration (FDA) in 1962
as food additives. They were then used along with MSG as the flavor enhancers, and so IMP
and GMP were actually called flavor nucleotides to distinguish 'them from other nucleotides
(103, 106). The term "flavor nucleotides” is used throughout this thesis to indicate IMP and
GMP. It should also be noted that oﬁly L-glutamic acid possesses flavor‘ enhancing propé.rties,
the D-form has no flavor activity ( 106.). The nucleoﬁdes. in addition to their effectiveness at
much lower concentration (especially when used together with MSG), have b_een found to be
superior to MSG for certain types of foods (addition to high protein foods, for example). It
also has been 6bserved that the nucleotides tend to create a sense of increased viscosity

providing more body, to soﬁps, for example (73) and masking the undesirable flavors (104).

The chemical structures of MSG, IMP and GMP are shown in Figure 1.1.



HO OH

IMP: X =H
GMP : X = NH,

MSG

Fig. 1.1 Chemical Structures of The Flavor Enhancers



1.1.2 Uses of MSG

Since professor Ikeda's discovery of MSG, it.has been used extensively all over the
world as a flavor enhancer (210). MSG is used in soups, broths, sauces, gravies, spio;blcnds,
‘as well as in a wide variety of canned and frozen food stuffs (8). Some researchers believed
that MSG can maintain frcshncés and it may Testore natural glutamates lost during processing
(77).

In Japan, MSG is also added to sake (Japanese wine) and table salt. Table salt is
‘coated with approximately 10% powered MSG to prevent the c.ak;ing tendency of the salt and to
enhance the savory taste (210).

'Ih the Unitcd.-Statcs. MSG has been used as a swine feed additive (210). Researchers
found that aﬁixﬁal appetite increased when MSG was added to feed. MSG is sometimes used
with ordinary sugar to improve the palatability of bitter drugs (210). |

In Lhev field of | medicine, there are several interesting applfc;ltions: MSG has been used .
for the successful treatment of coma due to hepau’c. failure and for certain types of epilepsy
(99). A study at.the Univers_ity' of Calit; ornia has indicated that there is a glutamine deficency

/

in cases of multiple sclerosis and MSG is being used in the treatement of this disease (99).

1.1.3 Manufacture and Production of Flavor Enhancers

1.1.3.1 MSG a | | :
One year after Ikeda's discovery of MSG, it was produced industrially (109). MSG can

be produccd’in three ways: 1) Chemic:. . drolysis of substances containing large amounts of
glutamate, such as gluten (99); 2) Fermentation by microorganisms which can enzymatically
produced glutamjc. acid from several carbon sources such as acetic acid (99), glucose, etc.
(140); 3) Chemical synthesis with a method developed by Ajinomoto which utilizes acrylonitrile
(CH,=CH-CN), hydrogen (H,), icarbop/monoxide (CO) and ammoﬁium cyanide (NH,CN) to
produce racemic glutamic acid. Subsequently, L-glutamic is optically resolved and the acid

converted to MSG using sodium hydroxide (99).



Among the three methods, fcrmeman'on is the main method of production, whereas the
'hydrolysxs method had been exclusively cmployed for the first 50 years. The chemical synthesis
mcthod has been abandoned by Ajinomoto (99), mainly because of consumer concerns with
"artificial” MSG. _
After World War 11, demand lf or MSG increased rapidly, not only in the United-States,

but also in Europe. Thus, productiop and sales of MSG which was mainly confined to Japan
and the Far-East before the war, expanded its market over the world after the second world
war (140). Several US companies are no‘w manufacturing MSG. Today 60% of the world
production of MSG is manufactured by fermentation, 25% is made from vegetable protein
{mainly inJ apan), angd 15% is derived from beet sugar wastes (in US and Europe) [140]. Japan
ﬁrovidés about one third of the total world production (iTablc 1.1). Oxlc fourth of this is

exported. In other words, almost 25% of total global production is consumed in Japan.

1.1.3.2 Flavor Nucleotides

The ma\nuf acturing of flavor nucleotides is mainly in Japan, dqming;ted by five
companies: Yamasa; Takeda; Ajinomoio; Kyowa Hakko and Asahi Chemical. Four
independent methods have been used: 1) Enzymatic degradation of RNA; 2) Combination of
nucleoside fermentation and chemical phosphorylation; 3) Direct nucleotide fermentation: and
4) Cilemical decomposition,of RNA into nucleosides and their chemical phosphofylation (106).
Details of manufacturing methods have not been described. |

The production of IMP and GMP increased ténfold during the first ten years after the
discovery of their flavor activity in 1958 (106). After the approval bf the US _FoOd and Drug
Administration in 1962, the use of IMP and GMP as fobd additives was assured and they were

listed in the GRAS list. The monthly production capacity of flavor nucleotides in Japan is -

shown in Table 1.2.



TABLE 1.1

Monthly Production Capacity of MSG in 1979 .

& Area Tons
Japan 9,700
2a
USA 2,000
Taiwan | _ : o 4,100
laly . 1,200
Francé | | ' .. 2,500
| Spain ' - 200 -
. West Germany -200 -
Hong ISong ' ' ‘ , 50
Korea : : 4500
Thailand - : _ 2,050
Malaysia . ’340
- Phjlippin.es e c ‘ 900 |

Indonésia | . | 1,440 -

Peru ' : 200
Brazil | ' ‘ 900
China and others _ | (‘1,000)

R S AL
Total ’ . 30,280
(31,280)

........................................................................

Source from Ref. 106.
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’ |
TABLE:12 |
, S .
Monthly Production Capacity of IMP and GMP in Japan
Year Tons Year Tons Year Tons
1963 37 1968 285 1973 v 395
1964 2-43. ) 1969 330 1974 427
1965 , 68 1970 350 1975 463
1966 - 155 ¥n 390 156 463
1967 220 1972 395 L1977 463
: » 0 . -
Source from Ref. 106. - T / :
\/.«" //
. . <



1.1.4 Level of Use of Flavor Enhancers

[
ot

In many countries MSG alone is marketed to food.proccssing industries as a food

additive (210). There are several recommendations for the level ofﬂusc‘ of MSG in food

preparation, because there appears to be considerable variability frqm person to person as to -

thc_ o'pn"mUm MSG level (8). The French recommend ixsing. MSG as 1% of salt (NaCl) content

,added to a recipe (40). In American, results of taste panel studies on processed foods indicated
- LB

 that an MSG lcvcl of 0.2-0.8 pcrccnl of food (by: Weight) is optimum (8). For cooks, in homes

or restaurants, this-translates to one half or one teaspoonf ul per pound of ‘meat or pcr 4106

servmgs of vcgetab]cs casseroles soups, etc. Japanese suppliers rccommcnd use of 0.2-0.3g of

MSG per IOOml of scrving (140,210). In food processing, a suggcstcd use of thc mixture of

- MSG and >t nucleotides is shown in Table 1.3. .

L.1.5 Synergistic Taste Effect '

chidexitally, Kuninaka in 1955 discovered that there is a strong synergistic taste cffect
between MSG and IMP (106). Two years later, he found a more marked synerésﬁc‘eff ect
‘bgfween MSG and GMP. The synergistic action can be explained in the following examples. )

MSG-(10g) + IMP (1g) ~ MSG alone (S5g) and, |

MSG (10g) + GMP (lg) = MSG alone (209)

Studles on this synergistic taste have been reviewed cxtensxvely (30, 92 104, 156, 157

185 202 206, 208). The effect has also been illustrated diagramatically (Figure 1 2)

A}



*sdiys oeiod) syseug
L0 01-0'¢ $1-01 o 1e3auip
seLt Ly€1 0'8-0'p _ 09-0¢ : " (301 anysiaisadiop) seoneg
€160 81-T1 0€-0T 03-0p g  osieuuohepy
$TET SR 09-0°¢ ©oog0r dnynay
07°0-60'0 £2°0-01°0 0v'0-02°0 SI-01 v (s1a81nquiey)spoo uazor,
01-5°0 P1-80 A . 05-0¢ (seuualA 1o siaunyyues) sagesneg
0z0-01°0 0y0-0€0 05°0-05°0 91-8 . sn3esedse pauue)
£°0-5T°0 090-0E0 01-050 . og-or 110 Ut paasasad ysiy pouue)
" . _
£1°0-60°0 : 0T’ 0-010 0£°0-02°0 : 01-L Q1> pauue)
(s33111J ysij pue
0L0-0%°0 01-090 S1-01 AL . wey ‘sadesnes *A1nod)
. : 5 _ .

. . ’ 3 . SPOOJ pauue)
E0-ST0 £€°0-20°0 $S0-9€°0 8I-11 : saiaead pue sdnos pauue)
11-0'6 e 97-07 008 -009 (£1-21 O [ruonnip Suiasag)
. ! mm:;:w pue sdnos pajerfya(q

(3) dno (3)dND+dNI (8) dni (8) DSKW ]
Y01 10J pannbar JWO 10 dWD + AT ‘dIT Uik DSW 10 S[3A3] saimixipy . ‘ Spoo4 passasory

a ) ,. ‘
muv._,uco_u:Z 10AB[] JO S|19A27 35 patsadsng
£1:379vL
\ e 7

“



o

08-0¢
01-05°0

s

(59-09 01 T:uonNpp Bujarag)sajpoou
1uBsul ._8 J3pmod dnog
aones fog

(s1ayor1 pue syriusad

10



11

Blended ratio

mp:msc ]
IMP + GMP :MSG _
. GMp:msc [T

12:88
8:92
! 6:94
’ IAIIHJ.LllllllTx‘ '.'[.T'JLLT::]?A
‘-7 l:l:l:
5.95 1 IllIlIIrIIIII 6‘8
‘:96 ‘-3 .
TR, 15‘
. ' 3.8
3:97 @ pre————— J‘
: ARANARARNRAND
2:98 ........... N
0:100

1 2 3 4 567 8 9 10
Magnification of flavor effect.

Note:

The results above were obtained by experiments using a 1% salt solution. The ﬁavor effects
sbo«wn above may chanéc according to the concentration of salt or glutamic acid and/or
5'-nucleotides naturally occurring in foods.

Source from Ref. 6

Fig. 1.2 Synergistic Effect of IMP, IMP + GMP and GMP used with MSG.
<o
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Kuninaka stated that if the synergistic action between MSG and flavor nucleotides had
not been discovered, the latter would not have been used commcrciaily because flavor
nucleotides thpmsclves ha\{c very weak taste intepsity (104, 106). A mixture of MSG with IMP
was first sold in Japan as a new chemical scasor\ﬁng in 1960. At present, the mixtures of MSG
with IMP or GMP or both of IMP and GMP are used widely in fo‘od processing or in homes
(109). The f ollowing ratios are generally being used:

| MSG : IMP =88:120r92:80r9 : 4

MSG : (IMP+GMP) = 95: (2.5 + 2.5) or 94.5:(0.5+5.0)

The mixture of IMP and GMP with ratio of 50 : 50 has been sgld in Japan under a

commercial name "Ribotides”, or "IG".
1.1.6 Daily Consumption and Recommended Consumption

1.1.6.1 MSG , N

A large amount of free glutamic acid is present in natural fOOdSU’(TabIéE‘;;{’f-l.S).
There is of course, also a considera}ble amount of glutamic acid ingested in .bound form in food
proteins (Table 1.8). The total of free glutamic acid consumed daily as MSG [from natural
food and added to food (Tables 1.4-1.8)] typically equals about 1/1009 of the total glutamic
acid present in the human body including that in the body's prétcin (8a). The MSG
consumption per capl;La. and the free glutamic acid in the organs of a normal adult are shown
in Table 1.9 a;ld 1.10, respectively.

On thé average, about 20 additional grams (2/3 oz) of naturally occurring glutamate is
ingested each day as a part of normal food consumption (8a). The ratio of protein bound
glutamic acid and free glutamic acid ingested per day varies with food habi.ts depending on

protein consumption and MSG used.
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" TABLE : 1.4

L-Glutamic Acid (mg/100g) in Vegetable Foods '

{\:‘Food Item L-glutafnic acid Literature
Carrot 300 T 104
Onion ' 0.69 "

¢ Garlic : 1.29 ’ "
Ginger ' 092 T
Egg plant : | 0.84 "
Pumpkin & Squash 3.03 "
Spinach | 3.85 - 67
Potato’ 73.8-102 - m
Lemon _ S 130 104
Apple * 360 | I
Grape 34.3 "
Green tea (new leaf) 208-504 ' "

Dried tangle 1780-4226

.....................................................................................



<}

14

TABLE : 1.5

L-Glutamic Add (mg/100g) in Animal Foods
.......................... ‘
Food item L -glutamic acid Literature
Beef (tenderloin) 33 104
Pork (tenderloin) 11 | "
Chicken meat = 4 "
Chicken bone 40 - "
Duck meat 50 : "
Prawn ' 51 "
Oystcr' 264 "
Scallop . 150 -
Abalone , 109 "
Squid 44 .-
Fresh sea urchin
(66.1% moisture) 28‘0 186

.....................................................................................
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TABLE : 1.6

Flavor Enhancers in Processed Foods

.....................................................................................

Total 5'-nucleotides

(uM/100g)

MSG

(mg/100g)

Canned mu;hroom; solid
- Canned asparagus, solid
Canned green peas, solig
Canned grcén bean, solid

Canned sweet corn, solid

247
17.4l
4.9
14.8
293

......................................................................................

Source from Ref. 106
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MSG (mg/100g) Content of Processed Foods

16

Analytical
; ;ncthods

Chicken-in-a-Mug
. Soy sauce
Won-ton soup mix
Bacon flavored
croutons

Soup mixes

- Mild pepper

- Cream of mushroom

- Minestrone

- Vegetable

- Chicken noodle
- Beef noodel
Bouillon cubes

- Beef

- Chicken
Condcnsed soups
- Vegetable

- Vegetable + beef
- Wonton

Restaurant soups

140

10400
5000
2780

10130

10100
3290

13100
10290

2%0
250

750

HPLC/RI

GLC/TMS

36



- Wonton
- Canellonis (french)
- Stew
- Rice with mushroom
Dried foods
- Instant ham and
green peas’
- Chicken vegetables
- Onion soup
- Tomato and noodles
| Canned soups
- Mushroom
- Asparagus
- Potato and
long onion
- Fish
- Chicken noodles
Pre-Cooked foods
_ - Chicken with
' “tomato
- Rabbit with sauce
- Pork tcndcrloin
- Bonito |
- Hamburger
- Meat - ball

- Pigeon

1170

250
500

2900
1400
2300
2000

16500

12500 .

12500
5000
5500

376.4
179.9

- 132.0

241.3

204.3
287.4

1433

Enzymatic

Colorimetric

o~

17

11

12

31



- Venison

- Sausage

Baby foods

- Chicken with vegetables
- Veal and cereals
- Beef and Vegetables

- Corn

- Sheep

Dried foods

- Instant chicken

-flavored broﬁh

- Beef bouillon

(granular)
- Chicken bouillon

(cubes)

- Beef bouillon cubes

- Vegetable soup mix

Liquid foods

- Condensed pea soup

- Condensed chicken
broth '

- Condensed chicken
broth +rice

- Condensed beef broth

- Canned green beans

198.3
135.6

260
100
220
310
‘160

12240

9750 -

11340
10840
7180
310

1300

320
790

Dowex column/

Volumetric

18

59



(seasoned )

Shrimp egg rolls

Chicken chow mein

Chicken rice soup
(liquid)

Frankfurter

Bologna

Chicken bouillon

soup (cubes)

Chicken noodlé“soup
(dry mix)

New England chowder
(dry mix)

Oxtail soup

Chicken soup
Beef and tomato
soup ’
Golden vegetable soup

Diet mushroom soup

170 ' "
587  Dowex Column/
fluoroinetric
759 "
1 60.3 "
423 "
302 .
4350 "
8350 "
4390 . "
2990 HPLC/
fluorometric
5400 "
4990 "
3790 -
9870 "
5630 .

19

39

198



TABLE : 1.8

20

Glutamic Acid (g/100g) in Food Protein

...................................................

Albumin (egg white)
a - Casein (milk)

B - Lactoglobulin (milk)

- Gliadin (wheat)

Zein (maize)

Hordenin-(barley)
Globulin (coconut)
Arachin (peanut)
Glycimin (soybean)
Glutenin.(wheat)

Source f rom Ref. 67

..................................

16.5
22.5
20.0
45.7
269
384
218
20.8
205 ° -
24.7

L I N P L S
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TABLE : 1.9
MSG Consumption in Selected Countries
....................................... R SRRRRCRIE I TL L LT TR PRUPREURRE SRS
Country Total tons/yr g/day/capita
......... T e e e e e e e e e e
Taiwan ‘ , 18,000 3.0
Korea 30,000 2.3
) Japan 65,000 / ‘ 1.6
Ttaly . 8,000 | 0.4 ‘
Us | 200 |03
Source frotn Ref. 67.



Source from Ref. 67.

TABLE : 1.10

Free Glutamic Acid in the Organs of a Normal Adult

e eieececececctcaeaiiaeaaaan Lo em e e iteieree e, -
Tissue | | }&‘\"»,' Free g]utami'ﬁaci_d (mg)
SO SRS SRR NPT U S OUSUR U
Muscles - 6.000
Brain ’ x o 2,250
Kidneys \. | 680
Liver | \"\ | 670

.Blood Plasma \\11 40
Total 9,640
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At the joint FAO/WHO Expert Commjttee on Food Additives Meecting in 1970, the
acceptable daiva intake (ADI) f or MSG was established at 0-120 mg of glutamic acid équivalcm
pef kilogram body weight for humans over the age %f 12 weeks (210). In 1973, the committee
reaffirmed the ADI for other glutamic acid. salts iﬁcluding MSG. Following. these
recommendations, the Codex Alimentarius Commission of FAO/WHC:) of the United Nations
classified monosodium glutamate and the ammonium, calcium and potassium salts of glutamic
- acid, in A-1 list of food additives. These additives have been toxicologically cleared for use in
food, with the exception of use in baby food for infants under 12 weeks‘of age (210). '

IP Canada, MSG is conside;ed to be a food ingredient (7,8) which has functionality as
a seasoning and flavoring agent. I-ience, it may be used at levels consistent with "Good

: , (

Manuf acturing Practices”, provided its prcse;zcc is declared on the label of prcpackaged foc
MSG is also specifically authorized in the spandards of identity of many foods under Title 21 of
the United States Code of Federal Regulanons (CFR) but its presence must still be disclosed on
the label (8, 40).

| In the late 1960s, the cxc.)nsurn—ing public voiced concern over the possib]e effécts of
glutamates fed to mfants and small children (see section 1.2.1). At the ume MSG was bemg
‘added to baby foods to cnhance ﬂavor Because of thc concern expressed by the public, baby
food m;mtlf acturers in both "US and Canada voluntarily stppped using MSG in late 1969 (8a).

In France, MSG was banx;ed;ibr use in baby foods in£1966-(40).
\ .
'1.1.6.2 Flavor Nucleotides .

5'-Nucleotides have been found widely in common foods, espeéially in animal foods
(Tables 1.11 and 1.12), and in processed foqu‘ (Table 1.6). The contents of purines |
(heterocycles including adcninq‘, hypoxanthine and guam';le) including purine bases, nucleosides
and nucleotides in some common foods and beverages are shown in Table 1.13. The dail‘y intake
of purine compounds from diets could be estimated from these data. It was reported that the
amounf of purine intake as IMP equivalent was calculated'to be 1875mg/day for a Japanese

and 2503 mg/day for an American (103). The average daily cdnsurﬁpt_iop of flavor nucleotides
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TABLE : 1.12

5'-Nucleotides (mg/100g) in Anima! Foods

.....................................................................................

Food item IMP GMP AMP
Beef 163 . 7.5
Pork 186 3.7 86
Chicken . - 115 2.2 13.1
Whale 326 5.3 | 2.4
Hérse mackere] 323 0 - 7.2
Sweet fish “ 287 * .0 N

* Common sea bass 188 0 " 9.5
Pilchard | 287 v 0 0
Black sea bfeam 421 -0 i2.4

" Pike mackerel 227 0 o 7.6
Mackerel ‘ } 286 0 6.4
Keta salmon 235 0 7.8
Tuna ; 286 0 59 -
Globe fish 7 ‘ 0 6.3
Eel 165 0 | 20.1
Dried bopito 630-1310 0 Trace
Squid | 0 A 0 184
Spiny lobster 0 0 | . 82
Squilla | 26 0 | 37

L e I T e o

Source from Refs. 4, 103.
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TABLE :1.13
Contents of Purine Compbunds in Some Common Foods and Beverages

------------------- l--------.---.-----.---.-.-...-.--....-..--.-..-...-_-..-.---.-----

Food and Beverages mg Nitrogen in
‘ purincs/lOOg fresh sample

Wheaf flour 10.2
Rice | | 116
Potato ' 43
£
Soybean 65.6
Tomato | 4
Carrot : 3»7
bbage | | ' 7
Onion 4
Beef | . | 77.2
Pork o | » ' 46
Chicken ) : 61
Ege : 5
Codfish 49.0
Sardine ~ 89.0
Salmon 76.0
Opster ) , 57.6
Lobster , 88
Coffee ‘ | '- 13

Source from Ref. 103
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in Japan is estimated to be about 70 mg per capita. According to FAO/WHO (90), the
establishment of an acceptable daily i{)take of flavor nucleotides is not really necessary, because
the intake of nucleotides from flavor enhancers is far lower than that from total nucleotides

present in common foods and beverages.
1.2 TOXICOLOGICAL ASPECTS

1.2.1 MSG

Schaumburg et al reported an undesirable physiological effect (Chinese Restaurant
Syndrome)' when excessive amounts of MSG were introduced into the empty stomaches of -
susceptible individuals (158). Numerous gtudies using both animals and humans were‘
performed in response to the paper (56, 84, 102, 115, 125, 135, 143-145, 151, 153, 161, 181,
184, 201). Krueger divided the concerns and areas of controversy with MSG's sifety as a food
additive as follows (105). |

1. The production of hypothalamic brain lesions in laboratory rodents following
administration of MSG.

2. The production of other physiological changes in laboratory mice, gerbils, guinea oy
pigs and other animals including humans.

3. The production of hypothalamic lesions in primates following administration of
MSG.

4. The existence of a "blood-brain barrier” mechanism that acts to protect the body
from excess glutamate Lransfer.to the brain where it might cause damage. \

*5. The existence and prevalence of an idiosyncratic reaction to MSG by some people,
commonly referred to as "Chinese Restaurant Syndrome". ¥

! Chinese Restaurant Syndrome (CRS) is described as "burmng "tightness”, and/or
"numbness” in the upper chest, neck, and face; beginning shortly after the start of
a meal in a Chinese restaurant and lasting less than 4 hours. The symptoms include
dizziness, headache, chest pain, palpitation, weakness, nausea, and vomiting (55).
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6. The ultimate qucsu'bn of the safety of MSG as a food additive at present and future
use levels. ‘

An excellent review on the biochemistry and physiology of glutamic acid wag published
in 1979 based on the international symposium held in Milan i978 (55). This review has
responded to many of the above concerns with glutamate. Also, many other serious studies on
glutamate plasma levels with different glutamate intake from prepared foods have been carried
out (175-180). |

In the past, studies were conducted to dctcrminc if large daily doses of MSG would
improve children's intelligence quotients (210). Although results of the studies were not
conclusive, no physiological abnormalities were detected even among children t9 whom 30g of
MSG was administered daily. Long term tests with mice and rats showed no differences
bctwecn growth- curves, hematological findings, tissue weights or pathological examinations of
test and control animals. Also, it was indicated that no carcinogenic, teratogenic of other
reproductive hazards resulted in tests using rats, mice, rabbits and guinea pigs (210). The many
years of use of MSG by literally thousands of food processors and many millions of chefs and

households without serious deleterious effects also tends to counter consumer concerng (105).

1.2.2 Flavor Nucleotides

The safety of IMP and GMP has been studied using various animal species as follows :

General toxicity : Acute toxicity, subacute toxicitiy studies and 2-yea{ rat and dog
studies were described. The parame‘ters in the prolonged toxicity studies were g'crx.efa] pehavior,
food intake, body weight gain, hematology, blood biochemistry, urine analysis, terminal
pathology and histopathology of important organs. All parameters wcre_withjn- normal Tanges
under the experimental conditions used, except the slight increase of the blood allantojp level in
the high dose group which was reported to be due to the normal metabolism of purines (103).

Specific toxicity: Rat multi-generation studies (147) and teratogenicity studieg jn mice,

rats, rabbits and monkeys were described. No significant teratogenicity and no influepces upon



the reproductive performance were found (103).
‘1.3 Compounds Related to Flavor Enhancers

1.3.1 Pyroglutamic Acid
Pyroglutamic acid was first described by Haitinger in 1882 when he heated glutamic
acid at 180-.190‘C (146). One molecule of wan;.r was lost giving a2 new compound called
N pyroglutamic acid or 2-pyrrolidone-5-carboxylic acid (PCA). The theory and kinetics of this
Teaction was reviewed ip an excellent paper by Wilson and Canan (199). Further study was
reported in the paper by Cleaves (34).

" Pyroglutamic acid was found inl many processed and stored fruits and vegetables (35,
119-121),in soysauce (91, 110, 142, 209), and was described as having an off-flavor [bitter,
medicinal, phcnolic.smctalli:: and even burnt] (119. 163, 164). Luh et al found a decrease in pH
of thermally processed strained carrots along with the fo@ﬁon of. py‘roglﬁtamic acid 018).

The chemical structure of pyroglutamic acid is as follows:

HC———CHy

_H
0=~ cooH
H

“s.

Fig. 1.3 Chemical Structure of Pyroglutamic Acid
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1.3.2 Aspartic Acid
One of the two dicarboxylic amino acids present in food is aspartic acid which has

similar chemical structure to glutamic acid with one less carbon.

. Hooc-CHz—CIH—'COOH
NH,

Fig. 1.4 Chemical Structure of Aspartic Acid

‘Rcccnt biochémica] studies suggest that L-glutamate and L-aspartate could be the
neurotransmitters of paralle] fibers and climbing fibers respectively, in the mammalian
cerebellum (43). Since aspartame, a dipeptide (L-aspartyl-1- phenylalanyl-methyl-ester) has a
sweetening power of 180-200 times that of sucrose, it has been used extensively in the food‘and
bcv;ragc industries (9). It has been suggested that aspartame additigﬁ‘ to meals already
containing large amount of MSG would result in an early rapid rise in plasma glut;matc and/or
aspartate conccntrau'ohs. and increase the potential for dicarboxylic amino acid-induced
toxicity (178). Together with glutamate, aspartate also has the potential to show neurotoxicity
in laigc amounts (177).

In some natural foods, the quantity of aspam’cﬁ acid was found to be. as high' as

glutamic acid (Table 1.14). It would be an advantage to be able to analyse simultaneously for

both of these important-dicarboxylic amino acids present in food.

1.3.3 Salt (Sodium Chioride)

Salt V(NaCI) is the tlassical and universal flavor enhancer (72). His;on‘call&, salt has
been used to flavor and preserve meat and fish. In food flavoring, it is second only to sugar in
the amount used (72). Americans consume an average of '10-12g of éal( per day, of which

about 3g occurs naturally in food, 3g are added in cooking and at the table, and 4-6g are added -

O



TABLE : 1.14

« Free Glutamic and Aspartic Acid (mg/100g) in Natural Food

Food item Glutamic Aspartic Literature
acid ~ acid
Human milk (2nd day) 12.88 | 2.92 67
Cow's milk (2 month) 0.64 0.8 y
Tomato ‘ 140.0 35 T
Potato ) 73.8 46.8 172
Broccoli - 176.0 . 40.0 67
Mushroom (Psalliota _

Campestris) | | 180.0 30.0 "
Grapefruit (white meat) , 11.5 87.1 "
Prunes (California) | 144 ' 185.5 "

.. Grape (1ed Malaga) 184.0 12.0 "
Strawberry 4.4 60.1 ) "
Gruyere de Comte cheese 1050.0 60.0 "

§ "~
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during .commercial processing of food (33). Salt improves the flavor of many foods and
contributes to palatability and acceptance. Without salt, Brcad tcnds to be bland, cheeses are
bitter and tart, and processed meats lack texture and flavor (72). In the body, sodium helps
maintain proper blooq volume and controls the flow of water in and out of body cells. It is also
vital for the transmission of nerve impules and the metabolism of proteins and carbohydrates.
Chloride is needed to maintain the body's acid balance and, for the action of certain enzymes
(33). 7 |

It was reported that sodium and chloride are not norxjnA}ly Tetained in the body cvén
v‘«'hen there is a high intake. Amounts consum'cd lin excess of need are excreted, so that the 1evf:l
in the body is maintained within very narrow limits, regardless of intake (73a). Hypertension
(high blood pressure) afflicts mdre than 20% of the world poi)ulatiOn, with an estimated 24
million cases in the United States in 1980 (73a).

Most of the concern with sodium is centered mainly on possible relationship between
salt and hypertension (33, 61, 137, 165). Althougﬁ ‘medical researchers have not established
exactly what causes hypertension (82), there has also beén a trénd suggesting a replacement of .
NaCl by another salt, such as potassium chloride, reported Nolan in 1983 (137). In the
Um'ted-Siatcs, at the present time, a number of food companies monitored by US Food and
Drug Administration (FDA) have volunteered sodium labeling of their products.(61) to
implement the "Partial Qua/lity Control Program” §uggestéd by FDA last year. As yet, this
progrzim is considered burdensome (61), z_md the FDA has been looking for ways to streamline .

it. It seems that an accurate and rapid method for determination of sodium chloride content in.

processed food along é(itb other flavor enhancers would be useful.

0O



1.4 Stability of Flavor Enhancers

1.4.1 MSG

Hanson et al reported that MS&} was very stable under canning conditions after a
careful examination of changes of MSG in canned foods with added MSG heated at
240°F(116°C) and a variety of .hcating times from 20 to 50 minutes. He concluded that no loss
in glutamate content was found in canned foods, ‘and glutamate was stable to heat
processing(77). Armand et al in a similar experiment carried out on canned mushrooms,
asparagus, chicken noodles and various type .of sauces, reported 100% recovery of MSG in all
samples (11). In spite of these results, the Maillard reaction would be expected to occur
between the amino group of MSG and reducing sugars present .in some foods. Also, ﬁ
dehydration reaction in food processing could result in pyroglutamic acid formation. Although
the rate of the reaction would be slow, the normal pH of food (pH 3-7) would favor
pyroglutamic acid formation (199). These possibilities are summarized in the following

equations

- T
C H C
Ose” TN /AN
| | |
HO H OH
Ghutamic Acid

H~cz°
- H~cZ :
- /\é (Reducing Sugar)
' | Maillard
Browning
O= C =0 Production
. N 6H ‘

pyrogiutamic Acid

Fig. 1.5 Possible Decomposition of Glutamic Acid



1.4.2 Flavor Nucleotides ’
Since 1962, flavor nucleotides (IMP and GMP) have been approved as food additives
and }pd«mdely in food proccssmg, reviews on the stability of these compounds (3, 5, 79, 80,
103 107) and thcu application in food (111) have been reported. It was stated that
5'-pucleotides were stablc against heat under dry conditions, even rmxed with acidic or alkali
~ substances (3). In canning of corned beef, the recovery of a mixture (50:50) of IMP and GMP
was reported to be 98 and 94% after 30 minutes heating at 110 and 120°C, respecuvely (3). The
experiments on stability of flavor nucleotides was carried out at various pH conditions, heating
times and temperatures. The recovery at pH 5, heating 100°C for 2 hours was reported to be
more than 90 and 80% for IMP and GMP, respectively (5). Hashida et al found the remaining
flavor nucleotides added to canned geafoods wa§ from 52 to 61% (witpqut reporting the canm'ng‘
conditions). The low percent recovery obtained ‘in canned liquid was accompanied by an
increase-in nucleotides in the canned solid material and it was assumed that the 5'-nucleotides
added were slowly penetrating the solid matrix of canned foods (80). Also, in other
cxperiménts with canned vegetables, Hashida et al. found the recovery of 5'-nﬁcleotides in
. mnned mushrooms was from 73 to 74% after 58 days storage. They summarized by saying the
5'-nucleotides were retained fairly'well'in canned products even stored for 6 months ﬁt room

temperature (79).
1.5 Analytical Methods

1.5.1 Methods for MSG Analysis _

Thefe have been many methods developed for the determination of MSG in foods
(11-13, 31, 36, 39, 54, 59, 94, 173, 186, 189, 198). Some steps are similar, such_ as extraction of
the sainple with water, purification using clarifying agents, and/or column chromatography for

fractionation.
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. 1.5.1.1 Volumetric method ‘

The Association of Official Analytical Chemists (AOAC) method for MSG (139) was
originally descnbed by Femnandez Flores c_t al (54). This procedure for quantifying'MSG
utilized an nUacﬁon of food samples with water and/or with a mixture of acetone/water if a
significant amount of starch was present, -clarification using charcoal, filtration, waporaﬁbn
'ana dilun'onfo volume. The prepared solution’ was introduced to an anion exchange column,
glutamic acid was retained on the column and eluted later with an HC) solution. Tl;c amount of
| glutamic acid in the eluate was then determined using Sorensen forma.ldchy'dc titration
procedure. MSG was calculated using a conversion f actor of 1.15 from amount of glutmmc nmd

obtained. '/

1.5.1.2 Paper Chromatographic Method

Bailey and Swift pfoposed a method for estimation of MSG using ascending paper
chromatograph‘y (13). The sample was extracted with water, filtered and spotted on a paper
chromatogram. The paper shegt was developed overnight by ascending chromatography in a
solvent mixture of n-butanol-acetic acid-wat;:f. Ninhydrin stain was used as the color

developing agent. The purple spo  ~zre compared with standards of known concentration.

1.5.1.3 Enzymatic method
The enzymatic analysis (11, 12, 94) was based on the Bernt-Bergmeyer method (21),
which is an cnzymaucal]y catalyzed procedure dependent on the production of 'NADH as

follows: ) 5
L-Glutamic acid + NAD" + H,0ox> a-Ketoglutaric acid + NADH + NH.*
»

Glutami& dehydrogenase.

f\
.\«/‘ /’

RN
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To displace the equilibrium to ‘the n'ght side of the reaction, the ketoglutaric acid is
fixed with hydrazine.and NAD- was used in excess, in an alkalmc medium. The product was:
measured by observing the mcreasc in opueal density at 340 or 365 nm duc to the NADH
formation. ‘ .

Another enzymatic methoc; he:s been ‘reported recently by  Kusakabe et al where

. glutamate in soysauce was dctcrminedJ using L-glutamate oxidase rmﬂﬁng in Ebctoglumaic;
- hydrogen peroxide(H,0,), and amﬁ:onia (NH,). Spectrophotometric measurement was used -

' for determination of a-Ketoglutarate or hydrogen peroxide derived (112).
| ' _

a .
' 1.5.1.4 Fluorometric Method

Cdppola et al repfrted a fluoromerric method (104) which involved separation of
glutamic acid using column , chromatography, and subsequent fluorometric dctcrinination of
glutamic acid. | The 'dcﬁvaﬁzéﬁon was carried out using 4-phenylspiro-[furan- 2(3H)
1 ~phthalan) -3,3'-dione] (188), commonly knnwn as fluorescamine. Fluorcsmmme reacts with

glutamic acid forming a fluorophor. The intense fluorophor had to’bc measured w1thm 30°

minutes using a‘ﬁuOrescence spectrophotometer at 366 nm excitation and 480 nm fluorescence.

1.5.1.5 Colorimetric Method | .
"Font and Lopez extracted MSG from baby foods (5‘9) according to the AOAC official
. method (136). The extracted solution reicted w1th ninhydrin to develop a colored product. The
purple “colored product was measured at 560nm. Carballido et al determined the’ amount of
MSG in several ,_prc) hcooked foods (31) using yet another colonmcmc mcthocj based on the
reaction of glutami;: acid with‘ nitrite, hydroxylamine and FeCl, as summarized in thie F-igure

1.3. The colored product was then measured colorimetrically at 490 nm.



Glutamic acid + Nitrite =—> Lactone of hydroxyglutamic acid
+ Hydroxylamine
'

Hydroxamic acid

- , + FeCl,

v

Colored product

Fig. 1.6 Colarimetric method of determination of MSG
1.5.1.6 Gas Liquid cmomamgrapmc (d}_C) Method
- MSG contained in processed foods (36) and sea food (18() was extracted wn.h water
and purified using an ion- cxchangc column. Derivatization was carried out with

N-trifluoroacetic-n-butylester and/or trimethylsilyl-diethylamine. The dEriVan'z.ed glutamic

acid was measured using GLC.

1.5.1.7 HPLC Method

Wﬂhams Winfield, Van de Haar and Cornet described a gradient solvent sfsiem in
conjuncn‘on wnh a rcvemed-ﬁhasc columx_n and a ﬂu_omscenoc detection for analysis of MSG in
processed food (198) and mixtures of flavor enhancers (18_9)-. MSG was derivatized wi'th dansyl
chloride $-dimethyl aminonaphthalene-1-sulphony] chloride in a precolumn. The dansylated
ﬂumﬁic acid was detected with an cxcit;‘tion wavelength of 328 nm and an emission wavelength

of 530nm. Finally, the HPLC method using an isocratic solvent with a strong anion ;exchan’ge

i
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(SAX Y- uymn and a refractive index (RI) detector was described by Sporns (173). This
AT |
method did 'not rcquirc the derivatization of MSG, extracts from food samples were filtered and

injected directly into the HPLC system.

\ * N
1.5.2 Methods for Nucleotide Analysis
1.5.2.1 Extraction
‘Analysis of 5'-nucleotides has been reported by a number of authors. Gcnerally, the
\
extraction step is similar. A homogenized sample was added 1o cold perchloric acid (21, 79. 80,
98, 196, 207) or to boiling water (116, 131-133, 189) and 5'-nucleotides were extracted into the

liquid phase, ccriLrifuged and the shpernatant collected. Determination of 5'-nucleotides

contained in the filtrate was then carried out using varipus methods.

1.5.2.2 Spcctropt_xotomctric Method

A column chromgtographic method consisted of a stationary phase of a Dowex 1 (Cl-,
anion exchange resin) column arg aﬁmobile phase mixture of formic acid and sodium f orméte
which separated thc jpdivi_dgé] 5'-nucleotides. The effluents were identified ahd_ quantified
according to the absé &on/spectra of individual 5'—hucleo£ides ( 131 207) and their extinction
coefficients. Adon factor determined as percent récovcry of standard compound was
used for the {/final calculation (207). However, it has been reported that (19, 93') in the
separation_usir?g\a.n,aﬁion exchange resin, 5'-mononucleotides could not be separated from 2'-
‘or 3'-isomers. Therefore, these methods were not specific for analyses where 2'-, 3'-

v E

nucleotides might 11 =rfere (116).

%
1.523Ezym:  12t20d

5'-Nu.iroudase frem was used to liberate the inorganic phosphate (79, 80,
131-133, 169). 'I‘hc amount ol L d phospt;até was determined according to the Fiske -

Subbarow method (58). The parent 5'-nucleotides were then converted by means of the amount

of inorganic phosphate liberated. This method was applied for determination of total



39
5'-nucleotides present in foods (79, 80, 131-133).

1.5.2.4 Colorimetric Method

Lento et al proposed a colorimetric method for determination of 5'-nucleotides (116).
This method iﬁvolvcd: 1) a gradient elution system of formic acid/sodium formate on a Dowéx
1 anion exchange resin co]umn; 2) a UV spcctrophotomctﬁc determination of individual
5'-nucleotides eluted, @d 3) an oxidation reaction of nucl;ou'des witth periodate. Finally,
2,4-dinitr6pheny1hydraz;ine (2,4-DNP'H) was used to react with the oxidation products to give
yellowish colored compounds. The colored products were measured colorimetrically at 435 nm.
The 2" and 3'-isomers did not interfere (116l) with 5"-nucleotides in the analysis procedure (not
oxidized). i

Japanese workers used another method of determination of nucleic acid components
(50, 159). Since guanine reacts wfth Folin phenol reagent giving a blue color, this reaction has
been applied to the quantitative determination of guanosine in combination with nucleoside
phosphorylase (136). Hypoxanthine reacts with N-1-naphthyl ethylenediamine hydrochloride
" [Bratton - Marshall .(BM) reagent (22)] after reduction with zinc dust and diazotization with
NaNO{tb give a red color. The official Japanese method (88, 89) for determination of IMP
present in commercial products contdining a mixture 7of flavor enhancers is based on these
principles. IMP is decomposéd to hypoxanthine by acid hydrolysis after a long period of
heating. Liberated hypoxanthine is color developed according to the procedure mentioned
above. The reddish solution is measured colorimetrically at 515 nm. Kusuwi et al proposed a
modified method (.13), where IMP was decomposed to a diazotizable amine (DA) by
treatment with zinc powder in HCI. The DA formed a reddish-purple colored derivative with
BM reagent and was mcasured at 540 nm. All these colorimetric methods for the identification
of IMP have a large amount of interfering compounds which can_be present in food (113).
These include metals, amino acids, sugars, ascorbic acid and other nucleotides. Also, these

methods cannot distinguish IMP a:nd_its corresponding nucleoside and base (113). Thus, they

can not casiiy be applied for determination of IMP present in foods.



1.5.2.5 HPLC Method

Recently, HPLC determination of S'jnuclcotidcs in food has been reported by a
number of workers. Currie et al separated IMP from other nucleic acid substances present in
beef using a Whatman SAX column and a gradient elution system with varying pH buffers in
combination with UV detection (44). Van dr Haar and Cornet analysed IMP and GMP (in a
mixture of flavor enhancers containing MSG, IMP and GMP) using a Lichrosorb 10 RP8§
column and a graciicnt elution system of acctoninﬂe/acctylm’mcthyl-a{nmom'um bromide,
[MSG was analysed in another procedure] (189). In evaluation of IMP and hypoxanthine as
indicators of bacterial growth in stored meat, Parris et al (1983) used a reversed-phase

chromatography column (u~B9ndapak C.,) with an UV dcfector (149). .

1.5.2.6 Other Methods

An immobilized enzyme method for determination of IMP in fish has been reported by
Watanabe et al (196). The enzyme sensor f'or IMP consisted of three immobilized enzymes
(nuc'lcou'dasc, nucleoside phosphorylase, and\ xanthine oxidase) and an oxygen clcctrodé. The
enzymes were immobilized on a membrane prepared from cellulose _ triacetate,
1,8-diamino-4-aminomethyloctane and glutaraldehyde. The amount of IMP was determined
from the difference between output currents corresponding to the \.total amounts of
hypoxanthine and inosine determined by the inosine sensor (194, 19'5) and those of

hypoxauthine, inosine and IMP measured with IMP sensor.

1.6 HPLC ~

HPLC, dcsgribcd as high performance (and/or) high pressure liquid chromatography,
was developed in the 1960s (53, 114, 153). This ‘wchm'quc can achieve high resolution
separations with the use of uniform microparticulate chromatographic éupports and well
designed equipment. There are sevcrai excellent rcviéws’ on HPLC systcms and analysis mcthodé
(14, 29, 46, 52, 66, 69, 74, 76, 78, 86, 100, 122, 128, 129, 160, 162, 171, 182, 190, 197,'211).

_The following -sections will focus on HPLC columns and the detection systems used for this
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thesis.

1.6.1 Columns

The column is considered the "heart” of the analytical separation system in HPLC. The
efficiency of chromatographic separations is improved by using packing materials of uniform
size. Small particles, 3-10 micron diameter, are used for porous materials such as silica gel or
alumina, while larger uniform particles, 30-60 micron diameter, made of glass coated with silica
gel or alumina can also be used, the larger particles require larger columns due to the smaller
amount of adsorbant material per unit volume. These types of column packing materials,
however, introduce several important constraints on the chromatographic system. Since liquids
are viscous and exhibit lower diffusion rates than gases, for cxample, the columns must be
operated at high pressures. HPLC columns are usually {nadé of lstainless steel, 25 to 50 cm in
length and 2 to 6 mm internal diameters, (for small porous matcﬁals)with linear flow velocities
of the mobile phase of about 20cm/min (76). An HPLC column is closed and reuseable, and
hundrt?_ds of analyses can be run through a single column without repacking. All the mam types
of hql(n}d chromatography are now available in HPLC, where columns are pack?d with silica
gel, alumina or 4orgam'c polymers : parﬁﬁon chromatogfaphy or liquid-liquid chrc;\matography;
liquid-solid chromatography; exclusion chromatography or gel permeation chroﬁletogra;;hy;
and ion-exchange chromatography. . | \\

Ion-exchange chromatography has been used for the analyses in .this } udy.
Ion-exchange has a long history of use in analysis (51, 114, 152) including the ana]ys‘ig of
amino acids (75), nucleic acid components (39) and nucleotides (18, 23, 32, 57, 78, 81, 96, 130,
170). A substantial improvement‘ in ion-exchange chromatography was made in 1960 by
Hamilton (75), who w.as the first to recognise clearly the benefit of using small particles and
high pressure (114). An advance oh the original homogeneous resin beadé was made by

Horvath, Preiss and Lipsky in 1967 (85) with the introduction of pellicular ion-exchange

materials, in which glass beads were coated with a thin layer of ion-cxéhange resin. Kirkland
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Zipax ion exchangers (97), in which a polymer was deposited in a porous layer on a glass bead.
The mass transfer properties of these materials were reported to be better than those of
homogeneous resin beads of the same size, and the materials were incompressible (100). The
pellicular materials are now, however, mainly of historical interest (100), and the highest
efficiencies (with more active material per unit volume) are obtained with homogenous bonded
materials in ﬁhjch the ion-exchange groups are chemically bonded to a small spherical organic
polymer or by coating uniform smal] particles of poroﬁs silica gel (42).

Two types of ion-cxchangg columns, strong anion and stronglcation exchangers were
employed in this research. The ﬁost common type of strong anion exchange (SAX) resin
contains quaternary ammonium salts ( -FR‘,X')_ obtained by alkylation with trimcthylahinc

(62) as follows :

-0

ZnCh |
CICH,OCH,
Res.
CH:Cl
‘ N(CH>)
Res.

CH.NCH:CI™

Fig. 1.7 Strong Anfon Exchange Resin
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The quaternary nium material would be considered a strong anion exchanger (to
differentiate it from wcakcrj ses such as amine group (-NH,) attached to a sqlid support).
The anion (X-) associatcd’wilh the quaternary ammonium salt ccan exchange with another
anion in the mobile phase. The rate of exchange depends on the concentration of ihc anion in
the mobile’ phase and the relative aff ix}ity of the anions for the quaternary ammonium group

. (38,. 62, 66, 86, 123, 192, 193, 200, 211). |

Cation exchange packings are based on acid‘ic functional groups such as the sulfonic

acid group (-SO,"Y") attached to a solid support. The sulfonic acid material would be

- considered a strong cation exchanger (SCX) to differential from weaker acids such as the

carboxylic group (-COOH) attached to a solid support. The cation (Y*) would exchange with

other cations in the mobile phase, again depending on the relative concentration and affinity of
the cations for the sulfonic acid group (51, 62, 66, 171, 197).

In HPLC ion-exchange chromatography, packings are based on two types of support
material: polymeric resins and porous silica gel. Microparticulate silica ion-exchange resins are
now generally prefcr;cd to‘the 'pcllicular resins at least for chromatographic separation of
organic anions or cations (62). Various cation-exchange resis ‘diffcr structurally from each

other in their hydrocarbon skeletons or acidic functionf] groups. The same cross-linked

polystyréne polymer can be used with a vaﬁcty of f onal groups in addition ‘to the sulfonic
acid group itself. Wheals stated that besides aromatic sulfonic acids which were widely
cstablished‘in ion-exchange chromatography, alkanesulfonic acids have also been used (197).
The acid group can also be éttached to silica gel via silane bonding, but according to
Genieser et al , the alkyl spacer length is as a rule unknowg, and th‘c structures appearing in the

literature are more or less based on speculations or hints from the different manufacturers -

(66). The exact structure of commercially available substituted silicas are not well understood.



* 1.6.2 Detectors
HPLC detectors have been reviewed extensively . In HPLC, the physical properties of
. the sample and mobile phase are often very similar. This has led to the development of two
basic types of detectors (74) involving, )

a) the differential measurement of a property common to both the sample and the
mobile phase (bulk property); and

»b) the measurement of a property that is épecific to the sample (solute property).
Examples of these two 'type detectors are refractive index (RI) and-ultraviolet (UV) detectors
which were used in Lhis stl;dy. |
| s

1.6.2.1 Ultraviolet (UV) Detectors

The aUV detectors are the most widely used 'of HPLC detectors (182). The principal of
UV detectors is absorbance of electromagnetic radiation of ultraviolet light between the limits
of 190 to about 320 nm. The fundamcmal law under which UV detectors operate is the
Beer-Lambert law, as f. ollows‘: |

‘ A= €BC

A is the absorbance at concentration, C, the a molar absorptivity, in a cell of length B.
€ is the constant relating absorbance and conccniration. The _application is restricted to
- substances having' T-bonding electrons and also to e extent, to q:ose with unshared -
electrons. The detector cell usually consists of a short length of tubing, which is made to carry
the eluent from the column and through which a beam of UV light is focussed onto a
photoelectric céll..When solutes are present in the mobile phase, light is absorbed and thus the
intensity of light falling on the photocell is reduced producing an clec;‘lrical output which can be -
amplified and recorded 1';; a recorder. At the+present time, there are three types of UV detectors
for HPLC analysis.

Fixed - Wavelength Detectors - Since the radiation soyrce psed in many UV detectors is

a low pressure mercury vapour lamp, the predominant line in the spectrum is at 253.7nm, and

other lines are filtered out to give monochromatic light at this wavelength. Manufacturers have
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been able to utilize this 254 nm line to provide extremely stable, high sensitive dctect.ors. The
254 nm fixed wavelength detectors have been described as the most low-;ost and useful
detectors (211). . ,
” Variable Wavelength Detectors - Any wavelength from 190 to 800 nm ‘(UV and visible
wavelengths) may be used. The individual sample components have high absorptivity at
different wavelengths ahd thus, operation at a single wavelength would reduce the system's
sensitivity or would even make the detection of certain sample components impossible. With
this detector any wavelength in the ultraviolet and visible region can be monitored. Theh
instrument is usually fitted with a deuterfum lamp f or UV wavelengths and a tungsten lamp for
' visigie wavelengths. Individual wavelengths can be obtained with the use of a monochromato'r,
and then passed through the sample to a photomultiplier. Finally, stopflow operation combined
with peak scanning can be achieved with some variable wavelength detectors.

Diode Array UV Detectors - At least two companies now offer commercial diode array
HPLC UV detectors. These detectors operate by passing the entire uv spectrum from a
deuterium source (190-370nm) through-a sample. The light is then dispersed through a
holographic diffraction grating onto a photodmde array (at least one dlode for each nm or
more). If this detector is hooked to a data handling computer, one can get instant (1 second)
spectra, 3-dimensional chromatograms, (absorbance verses time and wavelcngth) and enhanced
signals by mtegratmg the total sample absorbance

Bakalyar and Henry studied the effects of flow rate and solvent composition on the
variance of the response for an HPLC cquipped with an UV detector and reported that the
M area was flow rate depéndent. A 1% decrease in flow rate caused a 1% increase in peak

area, while peak height measurements were much less flow rate dependent (14).

1.6.2.2 Refractivé Index (RI) Detectors
| '.The refractive index detectors are ranked second to the UV detectors in HPLC
application (128). The principal of RI detectors is based on the measurement of the change in

refractive index as the eluting sample enters the mobile phase. Thus, it is obvious that the
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preater the refractive index difference between the eluted sample and the mobile phase, the
/
larger the response. Thus the highest sensitivity in refractive index dctectiogwis obtained when
there is the largest difference between sample and mobile phase. Because the only requirement
in detection is that there is a difference in refractive index between sample and the mobile phase
(this can be as little as 10°7 refractive index units, or 1 ppm of sample in the eluent)[46), RI
detectors are sometimes considered as the universal detector in HPLC. In comparison of
scnsiti_vity. however, RI is about 1000 times less scnsiﬁvé than UV detection. In addition, the
RI detector is sensitive to change’i;r_x the mobile phase composition, and is impractical with
gradient elution. Change in temperature also causes a chahge in refractive index and, ideally the
detector rcquirés an environment stable to between 0.00] to 0.01°C (129). This is achieved by
: )

circulating a liquid (such as water or ethylene glycol) from a temperature regulated supply
through a metal block which contains the ref:actqmetcr. There are two basic types of RI
detectors in common use today, deflection and Fresnel (or reflective) detectors. Both require
the use of a two-path cell where the sample-containing side is constantly compared with the
non-sample -containing ref' erence side. |

Deflection Refractometer - This is based on the deflection principle of refractometry.
As ciuu’ng sa'rﬁple moves through the system, the change in composition of the sampie path
occurs relatively to the reference side. When no sample is present in the cell, the light passing ‘
through both sides is focussed. The changing angle of refraction moves the light as the sample
is eluted tﬁrough sémple cell and arilxclcctrical signal is generated, with the degree of deflection
. proportional to the concentration of the sample(155).

Fresnel Refractometer - The Fresnel refractometer is based on the Ffesne] principal,
where refractive index changes between the mobile phase and the reference cell are monitored
by the amount of light reflected at the ocll.-mobilc-phase interface. The amount of light
reflected is inversely proportional to the refractive index. The detector cell is made from a

scored steel base plate, a Teflon spacer and a prism(155).
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1.6.2.3 Some Conditions in the Detection
Detector Résponse - It is stated that the response for a given detector i.§ different for
different solutes; in case of the UV detector, the response is a f'uncn'on of the extinction
coefficient (or molar absorptivity) of thc so]ugc, and for a refractive index detector, the
or this reason, '(according 10 Becr's/law, for example in

o 7
of the same type and geometry can only be

refractive index of the solute (160)

UV detectors) the 1esponse

- compared if the same soluige;aﬁﬁ._ : e 4l employed.
v i 28 B
Detector Sensitivity, ne of the most important parameters of an HPLC
- ' ’ ) a ' Y

detector. Detector sensitivity is the mi um mass pe"?3 unit time or minimum concentration of

solute in mass per unit volume passing through“the detector that can be discerned from the
noise (160). It is generally accepied that a signal to noise ratio of 2 will permit unambiguous -

identification of a signal(160, 171).

3



2. EXPERIMENTAL
2.1 EQUIPMENT

2.1.1 HPLC System

. Pump -*A Beckman model 110A pump fitted with a Rheodyne model 7125, S0 ul loop.
in jccfor was connected to an Altex model 420 flow programmer. The pressure during operation
was found to be between 300 to 2000 psi.

Columns - Analytical columns were Whatman 25cm x 4.6mm i.d. Partisil 10, strong
anion exchange (SAX) and strong cation g:xch:;mge (SCX) columns which were protected by a
7em x 2.1mm id guafd column containing the same pellicular jon-exchanger as the analytical
f column. In addition, a pre-injector 25cm x 4.6mm i.d precolumn (Solvecon) ‘containing Silica
gel was attached. _

Vobile Phase - The mobile phase consisted of potassium dihydrogen phosphate
(KH,PO.} HPLC grade, prepared fresh daily, dissolved in HPLC vwatcr. Buff er concentrau’dn
and pH were adjusted as detailed in the following chapters. The buffer was filtered through -
‘ Millipore paper (0.45 um) and degassed prior to use. .

Detectors - A Laboratory Data Control Spectro-Monitor III ‘Ultra Violet (UV)
detector, model 1204A was used for the detection of nucleic acid compounds with ‘the
. wavelength set at 254 nm. A Waters mdﬁcl R401 Differential Refractometer (RI) detector
maintained at 25°C with a constant temperature ethylene glycol bath was used for the detection
of the compdunds other than nucleic acid. gubstances.

Recorder;é - A Hewlett Packard, model 3588A Integrator Terminal was aftached to the
UV detector wi@ a Terochcm strip chart recorder attached for RI detector. The diagram of -

HPLC system is shown in Figure 2.1. . ' L
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2.1.2 Spectrophotometer
A Beckman DU-8 UV-Visible Spectrometer was used for scanning of the absorbance

spectrum of the compounds analysed.

2.1.3 Evaporator
A Buchi Rotavapor-R with water bath maintained at less than 50°C was used to

concentrate samples.

2.14Retort | | . .

A Reid Boilers Works Vertical Retort was used for tﬁe canning experiments. The
temberature was set ‘at 250?(121'C). A chan rt;,cording thermometer was used 1o prbvide a .
permanent record of ‘time'and tcmpcrat;m: of the cans processed. The recording thcrmbmeter‘ ‘
was adjusted to agree with a laboratory mcrcufy-in-g]a§s thcrmome%)ér.. The diag’ram o})thq.

retort is given in the Figure 2.2. _ o »

- 2R
.
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2.2 Reigents
HPLC grade water was prepared using a Millipore Milli- Q system (Mrllrpore Corp.
E Bedford, MA: USA).
| Celite (Celite 545) and potassrum drhydrogen phosphate HPLC grade weio ¢ .tained

f rom’ Fisher Scientific. All other solvents and reagents were analytical grade or better

e N

'\;jj S ‘Standards were obtamed as fbllows *L -glutamic acid,-from Cal?ébchem Behring Corp.
N :A‘,'\.-f’ .1.'
. . USA D,L- pyroglutarmc acrd from Ptmss Koch -Light Laboratory UK monosodrum glutamate
s o
vr\»‘:‘]—-'.

- (MSG). from BDH onchtmtcal U K sodrum chloride, from FlShCl' Scientific; guamne from

o

) "Aldnch Chemrcal USA glucose guanosme and inosine, from Terochem, Canada and
e hypoxantlune mosrne—S monophosphate disodium salt  guanosine-5' -monophosphafe
“disodium salt L asparuc acrd casein and potato starch all were obtamed from Sigma, Illinois,

4

5 USA.
2.3 HPLC Analysis of Foods

2.3.1 Samples. |
. Rice soup (nce water in the ratro of 1: 10) was prepared in the laboratory with no
flavor enhancers added Commercxal food products consrstmg of mnned foods, instant noodles
' 'mstant soups, beef m a- Mug, chicken in-a-Mug, sOy sauce (tempura type) and potato chrps

'

were purchased from the grocery stores located in the Edmonton area. The restaurant soups

were purchased from chmese restaurants located in Edmonton and Calgary Alberta Japanese

mrso soup was supplxed by al apanese rﬁstaurant located in Edmonton, Alberta
2.3.2 Conditions of HPLC

The analysis was camed out usmg a SAX column along with the mobile phase of
0. 017M potgssxum dihydrogen phosphate buffer, pH adjusted to 4.0 with diluted ‘phosphoric

. acrd ‘and 2’ flow rate of l’O ml/rmn The detection system consisted of UV and RI detectors
.qj""; .

25

' L:"
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(Figure 2.1).

2.3.3 Sam ‘reparation

Canned samples were weighed before and after emprying to determine the total can
contents. Both liquid (soup) and canned products were then homogenized m a Waring blender
before anaJysrs Dried products were ground to a powder wrth a motar and pestle. For the
analysis, 10 g of wet or 1 g of dry sample were used. The sample was weighed to an accuracy of

+ 0.] mg.

2 .3.4 Extraction Procedure
The extraction procedure ‘med was a modification of the standard prowdure of the
Association of Official Analytical Chemists (AOAC) for analysrs of glutamate(139) originally

developed by Fernandez-Flores et al (54) The prepared sample was added to a 150 ml beaker

‘ ,contarmng 30 m! of buffer and a magnetm stir bar. The contents of tbe beaker were stirred for

i 15 minutes and th~n 40 ml acetone was added. After an additional 5 qurﬁ;es stirting, the beaker

contents were le.: standing for about 5 minutes, and filtered Lhreugh a Celxte pad that hﬁd

. v
D A
VL 4 R

N ‘?“,{"ﬁ‘.’#

on

e
’*Tﬂ};.ﬂ.

been washed with' 20 m] of 50% acetone in water. The beaker and residue on tbe Cehte pad were

washed with additional 50% acetone in water (6 x 20ml). The filtrate was transferred to a round

- bottom flask and evaporated to about 10ml and then transferred to a SOml volumetnc flask.

The round bottom flask was rinsed several umes with water, the nnsmgs and additional water

were used 1o brmg the volume to 50 ml. Samples were filtered through Millipore paper (0.45

'urn) pnor to mJectron into the HPLC system The flow dxagram of this prowdure is~given in

Frgure23

45
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SAMPLE

a l

/ WEIGHING AND HOMOGENIZATION

1

HOMOGENIZED SAMPLE

L 2 I
WEIGHING R
'——— Addition of Buffer

v

-« STIRRING

«—— Addition of Acetone

STIRRING L

v

CELITE PAD FILTRATION

——Watqr + acetone mixture (1+1)

i

v
FILTRATE

v
EVAPORATION

LA
COLLECTION AND DILUTION
13
MILLIPORE FILTRATION

v

MILLIPORE FILTRATE

1

HPLC ANALYSIS : ~

Fig. 2.3 Flow Diagram of Flavor Enhancers Extraction Procedure for HPLC Analysis.

o /J . . ’ & -



55

2.3.5 Standard Solution Preparation '

A standard mixture containing L-glutamic acid, IMP, GMP, pyfoglutamic acid,
L -aspartic acid and ‘sodium chloride was prepared fresh daily. The conocntrauon of the
standard compounds in solution was maintained close to the concentration of each compound

contained in the sample solution.

2.3.6 Identification and Quantitation ‘ . i\j.w Ty

"The peaks from the cnfomatogram ‘were identified by retention timc and sometimes
checked by "spiking” the sample. The "spikjng" involved addition of a known standard of the
compound of interest to the sample and obscrving which of the peaks in the sample
chromatogram increased. - | .

The external standard method was used for the quanmauon using peak area
comparison to the avcragcd area of the standard injected before and after the sample. A
minimum of two- mjoc’{lons for each sample were carried out. The peak areas and the

concentration of the compounds analysed were calculatcd using the f ollowmg cquauons

PA =PHx W
CONC. (Sam) = [PA (Sam) / PA (Std)] x [CONC (Std)]; where,
PA = peak area

PH pea.k height
W pcak wdeh at half of pcak hclght
(Sam? Sample i '

(sm) = SLandard e \7 g

CONC = Concc‘ntranon?m wg/mi for m&o]eoudc compounds and mg/ml
for the non- nucleoudc compounds 7
- MSG was thcn oonvcrted f rom glutarmc ac:d by the factor of 1.15, or

- -

Amount of MSG = 1.15 x amount of glutamic acid. -,

€2
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2.4 Preliminary Canning Experiment

J

2.4.1 Formulation of Experimental Canned Soup

The ingredients qof the "soup” prepared for this experiment consisted of protein, sugar,
starch, salt and flavor enhancers. It was prepared according to the formulation of "Begf
Flavored Soup” suggested by Ajinomoto Co. Inc. Japan as shown in Table 2.1, with /the
amount of suéar, protein and starch used in this study equivalent to the ingredients suggested,

as shown in the Table 2.2, The amount of flavor enhancers added to the experimental soup

simulated the situation in the canning industry which can be found in section 2.3 . —

2.4.2 Sample Preparation 5

2421 Prcparation of Standard Solution

A standard soluuon containing 54mg/rnl MSG, 1080 y.g/ml dxsodxum IMP and 1080

ug/ml disodium GMP was prepared fresh bef ore ‘canning: A spluuon was kept in a glass
cpntainer, closed tightly and used as a sto;k standard soluﬁbﬁ“during canning proccssingva'ri'd"‘ o
the later analysiS‘proced\i:e. The solution was chromatograf;hkally analysed prior to'. use for
canning. , v . ; .

2.4.2.2 Preparation of Buffer Solution

0.01M phosphate buffer of pH 5.50 was prepared by dissolving 2.7218g. potassium

dihydrogen phosphate in about 1800ml HPLC water, adjusting the pH to 5.50 with 1.0M

potassium’ hydroxide solution, transferring to a2 2000 m! volumetric flask and making up to

\
1

volume with water.
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TABLE 2.1

* Formulation of Beef Flavored Soup

57

L

.......................................................................................

Ingredients
Beef extract
Bccf far L V

« S
Vegetable mixture®
Spices, herbs mixture®*®
Salt

5
Caramel
IMP

- MSG

vufE,
PRt oa

......................................................................................

a
s

* Carrot powciér 0.10g, onion powder 6.10g, celery powder 0.015g

®*  White pepper 0.010g, black pepper 0.010g, garlic powdcr‘_0.0ISg laurel 0.00‘1g, parsley

0.010g.

Source from Ref.1.

>
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£
TABLE 2.2
" Formulation of Standard Soup Prepared in the Laboratory. / )
Ingredients Amounts (%)
MSG . S 0.150
IMP 0.003
- GMP , o 0.003
*.'}»A
Protein (Casein) ©1.200 '"‘
Sugar (Glucose) R 0.500 .
Starch ‘ co 1.000
Salt (NaCl) 0.800
Buffer ' ' : " 96.344

..............................................................................



59

2.4.2.3 Examination of Protein and Starch -

20g of Casein or starch was extracted by dissolving the sample in ﬁ/atcr, stirring for
about 30 min on a magnetic stirrer and centrif ugmg for 30 min at 10,000 rpm. The supcm;tant
was transferred to a round I;ottom flask, evaporated to a small‘ volume, transferred to a 25 ml
voiumctn'c flask and made up to volume with watér.

The solution of protein was then filtcrgd -through Millipore papef and v‘ analysed
chromatographicaliy. .

The solution of starch was examined using the Munson and Walker method(141) 'for

sugar determination.

2.4.3 Canning Procedure

Five types of "soup” were prepared as following.

Group1: Cans containing the ingredients Hstt;d in Table 2.2, dissolved in buffer.
‘Grgup 2: Cans containing the ingredients lis.tcd in Table 2.2, without suga}. dissolved in
Ve ' '

buffer.

Group 3 : Cans containing the ingredicnis listed in Table 2.2 without protein, dissolved in
buffer. |

Groub 4: Cans containing the ingredients listed in Table 2.2, without starch, dis;ﬁo]ved 1n
buffer. | |

Group 5 : Cans containing the ingrcdients'listed in Table.2.2 without flavor cnhéncers, A

dissolved in buffer, used as a sample blank. -
The required ingredients for each group were weighed éccurately according to the raiio
listed m Table 2.2, Starqh was added to a 1000 ml beaker containing about 700 ml buffer,
stirred and gently heated on a hot plate stirrer until it dissolved complﬁcly-. The starch solution

was cooled to about 40°C and other ingredients were then added. Protein was dissolved in

buffer prior to addition to the starch solution. The beaker contents were stirred again on a

niagnctic stirrer without heating until evérything had dissolved. The weight of the beaker

&
%3
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contents was then adjusted to 1000g by adding buffer. The pH of soiuu'on was recorded.

Four lacquered tin-plated cans 6.7cm x 5.2 cm i.d. (capacity 140ml) were used and
125g of "soup" solution was placed in each can. Stock standard solution of flavor enhancers
was added to two cans (3.5ml in each can), these cans were named "test cans”. Two other cans
were prepared with no added flavor enhancers and used for controls which were termed as
"control cans”. The list of can numbers is given in Table 2.3.

Next, all cans were exhausted using steam f or 5 min. Sealed cahs were then processed in

a pilot plant retort. The retorting temperature was maintained at 250°F for 30 min. At thcl_u

completion of the retorting period, cans were cooled and stored in a walk-in cooler maintained \\

at 4°C for further analysis. ' . .

The flow diagram of canning procedure is given in Figure 2.4.

2.4.4 Sample Analysis

2.4.4.1 Method

Test cans and control cans in each group were analysed simultaneously using the HPLC

method, given in section 2.3 .- .

2.4.4.2 Extraction Procedure - ' ' ' ) (

J ' ¥

_The can was opened just before analysis, ... pH of the "soup” was measured and the

"soup” color observed and recorded. The "soup” was then transferred to a 250 ml beaker and

the can was rinsed several times with water. The Wcight of the "soup” was then adjusted‘ to

200g using water. In case of ihc control cans, 3.5 ml fidvor enhancers stock solution was added

prior to adjusting the weight to 200g. Extraction was carried out in duplicate. The isolation

procedure for the flavor enhancer followed the chart diagram given in Figure 2.3.

/-

, ‘ S,
}

)\
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TABLE 2.3
A The List of Can Numbers for Prepared "Soup”
Soup S&gnple can numbers Control can numbers L
group S e
1st can 2nd can }st can 2nd can
1 1-T*-1 1-T-2 4, 1-C*-1 1-C-2
2 2-T-1 2-T-2 2-C-1 2-C-2
3 3-T-1 3-T-2 3-C-1 3-C-2
¢
4 4-T-1 4-T-2 4-C-1 4-C-2
5 §-T-1 5-T-2 5-C-1 5-C-2
* T=Test Can, C=Control Can. - ' : -
~
g - A s
- 5 .
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BUFFER (pH 5.50) _ STARCH

¥

/
- Addition of other ingicdic.

J : except Flav.. anhancers

I — CAN FILLING ]
 TEST CANS - _ CONTROL CANS

\ A ' '
Addition of !

-

Flavor enhancers

—s EXHAUSTING AND SEALING +————

v

e - "' RETORTING (250°F,30min)

'STORING AND ANALYSIS
. e%:

q

| < Fig. 2.4 Flow Diagram of Canning Pi_fécedure of Preliminnry Canning‘ Xperiment.
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2443 Quanﬁtation anq Recovery Calculation
The following equations were used for the recovery calculations.
A = CxD/ExF (mg/ml)
Amount Found = {Peak Area (B}/Peak Area (A)] x {AXEXF/D" " g)
% Recovery = {Amount vFound/C} x 100

where,
A= concentrauon of a compound present in the mJected soluuon of control

‘ sample m mg/ml.

G

B = concentration of a compound present in the injected solution of test

¢ sample in mg/ml

@ °: ‘Amount of flavor enhancer added as f ollows: *
FC(MSG) = 189 mg, C (IMP) = C (GMP) = 3.780 mg.
- D = weight of soup takcnvf.'or analyéis in ‘gram. | '
| E = total weight of homogenized "soup” in gram.
F = total volume of Millipore filtrate in ml.
.When D.E,F values were kept constant in cvery ana1y51s the calculation of percentage
recovery was simplified as shown in the following equatxon.
% Recovery = {Peak Area (B)/Peak Area (A)x 100

a

2.5 Canning of Flavor Nucleotides

* 2.5.1 Sample Preparation

7

2.5.1.1 Preparation of Standard Solution |
A standard mixture solution containing equal concentratmn of disodium IMP and
disodium GMP at 12.75mg/ml was prcpared thh water and used as’ a stock standard soluuon

. The standard solution was analysed chromatographxcally prior to use for canmng

N k .
“r



2.5.1 "'2|Preparau'on of Buffer Solution.
0 02M phosphate buffer was prepared by dmsolvmg 5 4‘§3Gg potassmm dxhydrogen

phosphatc in about 1800 m! HPLC water, adJusted pH to 4. 50, 5.50 and 6. 50 with diluted |

phosphonc acid or 10M potassium hydroxide solunon Lransfcrred to a 2000 m! volumetric

~ flask and made up to.volume with water.

2.5.2 Carning Procedure | _
Eight lacquered tin;plated cans 10.9cm x 7.4cm i.d (capacity 470ml) were.used for each
different pH buffer group. 424g of buffer was weighted into each can, fvvith 1 ml of stock

standard solution added. Two cans in each group were sealed and kept without heating and used

- as controls, Anoth:r six cans were exhausted using | steam for 5 mm sca]ed and dmdod in th:ee .

§ccuons of different retorting time of 15, 30 and 60 xmn 'I'he retorung tcmpcraturc was

mamtalned at 250°F. Six thcrmocoupIcSw were placed into cans containing ‘buffer which - wcre. .

used to monitor the tcmperature during the rctorung pcnod The can- numbcrs are hsted in

-

. Table 2.4 and the flow dxagram of caniiing procedure is ngcn in Fxgurc 2. 5

2.5.3 Sample Analys® o

2'5'3’1 McmOd . " 4 - . 'o . - ‘ , :-‘. ." "';‘: ) < -

.':;»\

Tcst cans and control cans were analysed sxmu]taneously usmg the HPLC method.

Nucleotides, and the decomposmon compounds from nucleotides were analysed usmg SAX and

e

" SCX columns, rcspecnvely. The concentration, pH and flowrate of buffer in the H:PLC moblle'

ﬁhase were as f ollows:
0.017M, pH 4.00, f}ow rate 1.0ml/min for the analysxs of nuclooudcs
0. OlM pH 3. 20 flow rate 0.5m!/min for the analysxs of nucleosides;”
0. OlM PH 3.60, flow rate 0. 5ml/mm for the analysis of bases. '
The can was shaken pnor to opemng and the solution mjected d1rectly mto the HPLC

~ system. Thc analyses were all carried out within ode week. Ag soon as a can was opened the
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: buffer at pH 3. 20‘* Guanosine stand/ard solutior” was prepqi@’i ¥

'analysi‘s:’ for all.tompounds was completed wh‘hin the day. e
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-2 5 3.2 Preparatron of Smndard SolutJon

The HPLC smndard solutions werc prepared fmh before mJecuon mto the HPLC. The,/‘:f

|3 .
oonoentrauon of oompounds in" the standard solution were mamtamed close to the

"conoentranon of the compound ptesent m ﬁre arg;lysed soluﬁoanMP and GMP standard |

RS

solutron was’ prepared from the stbck .standard solutrons (dsed forﬁinng) Inosme and

hypoxamhme standard solution was prepared by drsso‘vmg tli?bpmpound§ ;n 0.01 M phosph&te

\4‘ . ‘/' . & R

L prepared by drssolvmg the %thpound in 0. lN HCI solutrg)n ' o T e

‘\ng : [) STy e,
“ T

o - L

Noa i
.o*;
T
&y

| ‘..‘
R

: The externa} standard rnethod w‘gs used for quanumtron usrng peak areb !ompanson o -

~ the averaged peal’r"ﬁ;rea of Lhe standard@mecwd before and after the sample A minimum of" # / n

twcl) mJecnons were camed out The coneen;rauon of the ana]ysed compounds aﬂd the;eroent {'\%r
of nucleosides obtarned from nuelqoudes were ealculated fromg ﬁ%’uvgn'gﬂ-equations_{ I . '
¥ coneggsam) = {P&; (Sam)/PA (sm)} ‘ON'C sy ¢ T
e k) N N (0b)/ N (a)} x 100 , '
: whq& . - | IR . | , LT, . ‘.
| ‘CONC (Sarn) =‘Con‘centra‘tion of snmpf% in ugrml, |
) QONC (Std) = Concentration 'of standard, in ug/ml o B h c
' PA,(Samu) = 'pea.k‘area of sample, = » o
X PA (s14) '=’peara:ea of standard,
%N = perocntofnucleoside L | e T

N(ob) amount of ‘nucleoside obtained, in uM, j
N(a) = amount of nucleotide added; in uM. |
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R ) ' The amount of the compounds analywq was convcrted from. yg/ml to M using the

fbllowmg f actors

& ‘ ’ AL A .
" Yug/ml (¢ ‘'ium IMP) = 2.550 uM (disodigm IMP ) i
- " v . 2 " :j‘. . -
1ug/ml - ium GMP) = 2.456 4M (dis MP)
© luyml .aosine! = 3.728 M (Inosine), ¢
1 ug/m) (Guanosmc) = 3 530 uM (Guanosme)
Vo 1 ug/mi (Hypoxanthme) = 7 347 uM (Hypoxanthme)
N 1 ug/ml (Guanme) =6 617 uM (Guamne) - ‘ e,
© 2.6 Canning of F lavor Nucleotides and their Nucleosides .~ s
@ ST AT ' IR
3 n‘ . - '»5 ‘ T ‘: % } * e
' 2.6.1 Sample Preparation , R ‘
’ 2 6.1.1 Prcparauon‘of Standard SoluUOns ‘ V T :

e

(12mg/ml u}: watcr) Inosme (8mg//ml in 0.1IM KH,PO, buffer) and Guanosme (4mg/m1 in

7,3 ,U
0.1M HCI soluuon} were prepared. These solutions were analysed chromatograph]cally prior to

-~

canning.-

| ‘ . . . ) ) . ) . } . N
. . \—-\ _~)‘ . 4 v )
» A Y

2.6.1%2 Prepamon of buff er and sample soluuon ‘ ® R

‘ kPho%phatc buff er (0 02 M) solunon was prcparcd by dlssolvmg 5.4436 g KH,PQ, in a
2000 m! beaker conuum;fg about 1900 ml HPLC water. The pH was adJusted to 4.5 and 9 0

" . using dﬂuted phosphonc acid or 1.0M potassxum hydroxxde 5 ml-of -the standard solution of

™~ »

,
e

Four standard soluuoffk -of - dnsodxum IMP (12mg/ml in water) dlsodxum GMP

IMP GMP, Inosmc and 10 mLof tht standard solunon of Guanosmc were pipetted scparately :

mto six different 2000 m! volumetnc flasks. Four buffcr soluuans of pH 4.5° and 9. 0 were .

‘ transfegred 16 the 2000 m! volumetric flasks containing IMP and GMP. Another two buffer

solutions of pH 4.5 were transferred to the 2000 m! volumetric flasks containing Inosine and

“ Guanosine. Water was used to rinse the beaker and make the flasks up to Volu_mé. The pH 1.5

£
..

Y
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_solution was preparcd by dlssolvmg 5 4436g KH,PO, in a 2000 m! beaker with about 1800 ml
HPLC water, adding about 93 ml phosphoric acld (85%) and then mmsfcrnng a 2000 ml
| volumetric flask connam;ng 5 ml standard solution of nucleotide compounds (IMP or GMP), -
and making up to volum= with water. This solution was approximately equal to 0.70M total

phosphate. Each volumetric flask was shaken to mix the test compound and the buffer.

o

-
%

T 5

2.6.2 Cih;ing Pra{@
. Four lacquered un -plated cans 10.9 cm x 7 4 cm i.d (capacxty 470 ml) were used for
uch sample solution, 425.0g of sample solution was weighed into each can. Two cans in each
group were sealed; kept without hcanng and uscd as the contro] of heating effects. Other cans

o wee cxhausxcd using steam for 5 mm scalcd and thd for 60 mm thc retorting tcmpcrature

y o
Jy o
‘. ‘&‘

pcnod 'I'he can nuxnbers are hstcd in Taﬁe 2.5 anﬁﬂow dxagram of the cannmg procedure is
" o , Y .
”'glvcn in Fxgure 26. N E Y, e
2.6.3 Sample Analysis . e -

The analytical mcthod and the HPLC condm(onj wcre sumlar to section 2.5. 3 Both
addition and cxterna] standard methods were used f or the samplcs quanmanon at the lower pH
\_uz'f(,.%' o

(pH 1. 5) ‘and hxghcr pH (pH 9. 0) The samples at pH 4,5 were quanmatcd using the cxtemal

' standard mcthod o . . . o
. 'S 5 i - -

Y s B " o0 . . .
B \“*’ L B R - LUV UP g
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' TABLE 2.5

’ ‘ 'i'hc,N&pmberipg’(';f Fliivb: Nucleotides and Nudwﬁdm ‘Canned Individually.
LJ » ‘ PR oy
pH Compound , 3 7Can numbers *
e > - ‘
15 amp v T g 15 c1 G 15+ C2

S A S G 15, G- 15 -T2

[ ’ GMP'“Q o (0' - "- : G 45” C G 45 CZ .~-}‘1.‘>'J /_‘}4“"‘ .. o
. ) :g,‘-» L w .{ . )
' -9 l »'t'- P8 l,;;‘: Je . G 45 Tl G\i ’I‘2 G 45 T3 S

GMP”’“ " Go-90 CLG-wien

L - g v "

A G 90 .- T G 90 -T2,

15 IRV TN B LT Sty
| S s 1-15 T2
. DY S-S |V S © 1-458CL1-45-C2

5 T T T 1-45-TL1-45-T21 - 45 - T3

Q;!E,

9.0 T IMP .Y 1-90-CLI-9-C2
| "1-90-TL1-90-T2
: 45 © Imosnie ' PSI-45-CLPSI-45-C2
o : : . PSI - 45.- T1; PSI - 45 - T2
45 ¢ Guanosine PSG - 45 - C1; PSG - 45 - C2
" PSG - 45 - TL; PSG - 45 - T2
A lst lette; = Compound shoftcned name; 2nd'icm:r C Control can, T = Test can.. lst
Nun;bcr = pH x 10; an nur'nber = can ordma] number. L f, . R



3. RESULTS AND DISCUSSION

3.1 Methodology ‘ Ve

Two detectors were required for the anaJysis of flavor enhancers, since glutamate and

salt (sodium chlonde) were added to food in amounts that could be detected usmg a RI
detector whrle the small quantmes of the nucleotrdes (1 MP and GMP) usually added to food
. ckf;mdn not be detected usmg the RI detec&or Conversely, IMP aud GMP could easily be
detected usmg an UV detector while’ glutamate aspartate and pyroglm\rd%not have -
- srgmfrcant UV absorption in a region free of mterference from other compounds Hence

. glutamate, aspartate pyroglutamrc acrd and chlonde were detected usmg a RI detector and the

D Ry
KO nucleotrdes were momtored at 254 nm jp .

§ cBOSen as a compromrsc between the UV( f.!, ' "of IMP and GMP (Frgure'3.1) and is:also

N .dut

a convenient wavelength for chcaper filter UV detectors 7
\ The mobde phase éondrtrons of buffer conoentrauon pH, and flow rate were™
opumrzed SO that gradient elution was not requued for the separanon of the six oompounds
Ve studred (Frgure 3.2). Buffer was prepared fresh daily, followed by Millipore filtration and
v degassing before use. - C oy
LN | - In order to observe the possrble mterferenoe. vand%i taste componcnts of food and

food preservatrves were chromatographed and ther'r:'reteunon txmes recordeli and compared to
that of the eompoun&iﬁE st‘udred 'I'he acidic  group exarhined consrsted of : adenosme
5'-monophosphate (AMP) a natural savory (compound less active than IMP anQ;GMP (106),
present in large amount m food (104) Xanthosine 5'-monophosphate (XMP), a poor flavor
cnhanoer (106); the preservatwes sorbic acid and benzorc acid and the orgamc ac1ds which are

commonly found in food mcludmg, cinamic acrd atnc acrd tartaric acil'l ‘malic acid, succinic | F .
. acrd lactic acid, and acetic acid. The amino acid “group examined oonsrsted -of lysine, =

asparagine, S-alanine, phenylalanine, proline, tryptophan, 4-ammo-bl1tync acid (GABA), and

glutamine. The basic group exammed oonsrsted of hypoxanthine, iosine, guamne ’ - K\.
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Fig 3.1 Spectrophotometnc Scans of Standard Compounds in the Phbsphate B{xffer PH4.0
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Fig. 3.2. Liquid Chromatograni-Trom lﬁ’*g) and RI(ID) of 1: Glutamic acid (0:4mg/ml); - «
’ | 2 : Aspartic acid (0. 2 mz/mlf' 3 Pyroglutaxmc acid (0.2 mg/ml). 4: Chlonde 3. 0
mg NaCi/ml); § : IMP (8 0 ug/ml‘) and 6,: GMP (8.0 ug/ml) at a Flow Rate of 1
, =ml/min with 0.017 M pH 4.0 Phosphate Buffer. -
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and guanosine, which are the bases and nuclcosiocs of IMP and GMP rcsoectively, and had UV
"absorption similar to IMP and GMp (Figures' 3.3 and 3.4). Nonevof the above compounds
interfered with the compounds of interest. The acidic compounds had dxffcrent retention times
from e compounds studled "The neuual and basm amino acids as well as the metabolites of
IMP and GMP appeared at or near the solvent front in the HPLC system using the SAX
column, as expected. | |

To furihor‘ prove that interfering compounds were not co-ciuting svith IMP and GMP,

_ quamitation of two samples containing nucleotides was carried ouf at _various wavelengths

(Table 3.1). The dlff erence in amounts of IMP and GMP obtamcd ms hoz sxgmf 1cant with a
wave length change of + 15nm. ‘
Measurement of peak-areas of diffe;c":nt._'_f:' .

compounds studied (Table 3.2)

E
ERA

Two samples were analyscd fxve txmcs each to examine the premsxon of the extraction

‘ (Flgure 2.3) and the analys;s procedurc The rcsull are shown in Tables 3. 3 and 34,

Recovcr) studxes wcre carried out on a consomme soup contammg flavor er 3

“a rice soup thhout ﬂavor enhancers. 'I'he results of Lhcse recovery studxﬁ dre gﬁcn in Tables

35and36

_ Tt was found that lxquxd f ood saml;{}es such as consomme soup could be duutcd filtered

)

and m;cptcd darectl) for analysas I{\ was felt, bowever, that this prooedurc would shonen the

‘HPLC column life. Charcoal decolonzauﬁf\ sod with MSG and pyroglutam:c acid analysxs ,

1 . 3) Was ehmmated becausc of adso,rpmon of nucloondes by charcoal. This elimination dxd not

L
2 b “' ‘. &

to dcmmcntally affect the analysls of. other non- -nucleotide compounds If Celite was not

ashed with water-acetone, it was found that l-IPLC detcctable material (although
3 - .
non- mterfcnng) was eluted from the celite. 6 .

U

Jt was ﬂlustratod that initial dxlutmn of the sample in water(54) rathcr than buffer

resulted in cloudy suspensions which caused fxlr.ranon problems with non-salted foods,.

especially in samples containing large amount of starch, For thxs reason, it was essential to use .

-

b

- 75
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TABLE : 3.2

Linearity of Peak Area Measurements

79

.....................................................................................

Concentration

range tested °

Correlation

coefficient

Detection

limit

Glutamate -

Aspartate
PCA
Chloride
IMP

GMP

0.2-0.025 mg/ml
0.2-0.050 mg/ml
0:2-0.050 mg/m]
4.0-0.025 mg/ml
10.0-0.625 ug/ml

10.0-0.625 ug/ml

0.99998

0.99999-

0.99999
0.99995
0.99999
0.99993

.10 ug/ml

20 ug/ml

”
20 ug/m]

20 ug/ml

"0.1ug/ml

......................................



Compound

TABLE : 3.3

Precision of Analysis Procedure for Chicken Vegetable Soup

80

J--.---.--------.------------...------------' -------------------------

Aniounl .
found

mg/100 g

Average
. amount

mg/100g .

Standard

deviation

Glutamate
Aspartate
Chloride
IMP

GMP

76.80,76.79,76"

18.18,17.18.18
1142,1127,1125,1117,1122
4.98,4.61,4.93,5.11,4.88

3.12,3.36,3.53,3.61,3.57

1.9
0.4
9.4
0.18
0.17

ez
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; e TABLE : 3.4
Precision of Analysis Procedure for Chicken Rice Soup
Amount ' Average
Compound \ found amount Standard
mg/100 g mg/100g g deviation
Glutamate 1243,239,244,245,245,243 243.2 22
Chloride 1714,1738,1700,1726, 1728.7 198
40
‘ 1738,1756 (i‘;l

=
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TABLE : 3.5
Recovery of Compounds in Consomme Soup ‘

.....................................................................................

Amount Amount -~ Amount Recovery
Compound ‘prescnlt added found % |
IMP 8 5923 ug  10mg 6023 g ;‘ 100
0u 6138w 105
40 ug 6332u8 100
. 80ug - = 673.9ug S 1;
GMP = “48.8 ug 10 ug. o SB6ug %8
. 20 ug 613. 93 _
40 ug 89.64g 102
0. 1894 . 100
GluQﬁate , 36.0 mg v ' 5mg . 41.0 mg . 100
| 0mg | 458mg 98
’ 26 mg .57.3mg o 166
40 mg - T.0mg - 102
Aspartate , : 3.0 mg 5mg | - 79 mg 98 :
| T 10 mg 132 mg 101
0mg 28 mg 99
40 mg 27mg . ®
PCA i6mg | 5 mg‘ 90mg 89
10 mg - 14.1 mg - 95

20 mg - 237 mg 95

40 mg 43.3 mg 97
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{ Chioride ~  130.0mg 0mg . 1399mg %
- ' ‘20 mg - 150.7 mg 103
40 mg . 168.5 mg 96

80 mg 211.0mg - 101
“ &

.8
¥
b



TABLE : 3.6

Recovery of Compounds in Rice Soup

Amount . Amount . Amount Recovery
Compound present *  added | found . %
IMP « * n.d. 40 ,;g7 . 409 - 102
£ 80 ug/ 81.0 ug 101
100 ug 96.4 ug 96
120 ug 115.4 ug 96
GMP nd. 40 ug 42.5 ug | 106
| 80 ug 78.3 ug 98
100 ug 101.0 ug 101
120 ug 1248 ug 104
Glutamate n.d. ‘ 20 mg 19.6 mg | .98
“ 40 mg 39.1 mg 98
50 mg 50.5 mg . 101
6Omg 59.1 mg 99
Aspartate | nd. 10mg. . 10.1mg " 101
20 mg C 07mg 103 d
,?b 4 25 mg _ 23.7 mg 95
¢ 30mg . 29.0mg | 97
PCA | n.d ~ 20mg - 20.4 mg | 102
40 mg 40.4‘mg - 101

50 mg 48.0 mg 96
60 mg ' 57.8 mg 96
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Chloride n.d. 40mg = 424mg 106
80 mg 77.6 mg 97
100 mg : 100.0 mg 100
120 mg 120.0 mg 100
\ .
: ~
"/ ~
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the buffer as the initial diluu';ng solﬁtion. Also, 'Milli;;orc filtration was used prior to injection
of the sample solution into the HPLC system. This helped to remove particulate matter and '
some color remaining in the sample, extending the HPLC column life.

The HPLC system not only gave an excellem separation of tﬁc six compounds studied,
but also many other compofxcms present in food. This is showr in the Figures 3.5,_ 3 .6. 3.7and
3.8. This HPLC method represents a raiaid. accurate n;cthqd of analysis of flavor enhancers,
salts, aspartic acid, and ;?yroglutarﬁic' acid(which should simplify food analysis of thcse‘

compounds.

3.2 Flavor Enhancers Content of Foods ,‘

Many foods naturally contain MSG, IMP and GMP (Tables 1.4, 1.5, 1.11, 1.12). The
results given ,in'Tablé 3.7 fcpfcscm flavor enhancers found after analysis of a number of foods.
Commercial flavor enhancer additives exist in many different forms (see section 1“;1.5). The
amount of IMP and GMP found in commercial food products (Tables 3.3 and 3.7) reflected
the source of flavor enhancers used. Amoum of MSG found in the restaurant f. oéds was from
24.1 to 373 mg)lOOg which is the normal quantity of MSG added to food (see sxﬁon 1.1.4).
* Pyroglutamic acid (PCA) was f:)und in tomatc;‘ soup, Japanese restaurant rﬁiso (soybean
: péste) soup, cénsommc soup, tcm%ura sauce (one type of soysauce) and pot}no chips, but not -
in other samples. Glutamine was fqund in a number of préccssed foods, such as potatoes (164,
187) and in tomatoes (164). Mahdi et. él reported that all glutamine in 1ow acid fpods is
- converted to pyroglutamic acid during Lh;rrna] processing (11§), and the best iempcrature
conditions for conv;rsion of glut;amine to PCA is 240°F (35). The Ehcmical reactions of

glutamine have been reviewed by Archibald in 1945 (10), and the kinetics of PCA formation

was studied by Cleaves (34).
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Fig 3.5 Liquid Ch:om:togram from UV(I) and RI (IT) of Chinese Rstmmnt Soup
at Flow Rate of lml/min with 0.017 M, pH 4.0 Phosphate Buffer.
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Fig. 3.6 Liquid Chromatogram from UV(I) and RI(II) of Beef Consomme Soup at Flow Rate
1ml/min with 0.017M, pH 4.0 Phosphate Buffer.
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Fig. 3.7 Liquid Chromatogram from UV(I) and RI(IT) of Japanese Instant
Noodle at Flow Rate of 1mL/min with 0.017M, pH 4.0 Phosphate Buffer.
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Fig. 3.8 Liquid Chromatogram from UV(I) and RI(II) of Tomato Soup at Flow Rate
~/ of 1Iml/min with 0.017M, pH 4.0 Phosphate Buffer. 3
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\

Mahdi et. vz_l_l found a large amount of PCA in proo;sséd iomato juice, potatoes, mushroom and
bcan;(119). PCA is quantitativciy converted to glutamate in a strong acidic medium at high
temperature (199). According to these data, PCA found (Table 3.7), resulted from the original
ingredients in the processed foods, and the amount of MSG found was probably independent of
the conversion of PCA to glutamate since the acidity of the foods studied was not great énough

for the conversion.

3.3.Stability of Flavor Enhancers
Neither glutamic acid nor reducing sugar was found in the examination of casein and
starch used for the canning experiment, Also, in the analysis of canned "éoup" without flavor
veénhancers added (group 5), none.of the studied compounds. was found. Tables 3.8 to 3.11
indicate the recoveries of flavor cnhancérs in canned samples after analysis (section 2.4). It was °
ob;ious that MSG is very stal;le to canning, and to Lhé interactions with ingredients used, sch
as sugar, protein and starch. The Majllard Teaction was cxpéc’tcd to occur between MSG and
glucoée. There was no significant difference detected in the recovery of MSG between cans
containing glucose and those without elucose ﬂlusqaﬁng thathSG: was not losth via the
Maillard reaction. ‘Yelloﬁish proteir precip..ate was found at the bottom of all the cans
. containing protein (Table 3.12). Alt.ough protein probably reacted with sugar in a aillzrd
type reaction to some extent, the yellow ~olc: of protein seemed due to some other chemical
reactions, because the can containing protein but no sugar still gave ‘a yellowish protein -
" precipitate (Table 3.12, can No 2<T-1). From data presented in Table 3.12, it seems that the
presence of starch ‘reduced the yellowing reaction of protein to some extent, because cans
without starch contained much darker yellow-orange protein pr;cipitate. The percent averaged
:ecovcry‘ of MSG from various type of "soups” was 961 3. An expected decornbosition product
of MSG, PCA was not found in any canned samples. Wilson and Cannon showed that the rate
of oonvcrsio;l of glutamate to PCA‘was very slow between pH 4.5 and 8.5, even at elevated

. temperatures for extended pcriods (199). From the results of this study, it seems that at

s
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approximately pH 5.5 the conversion rate is indeed slow, even 'at 124°C (temperature of canning
recorded by 51? thermocouples) for 30 minutes with less than 5% (détection limit for PCA
using this analytical method) PCA present. |

| The behavior of flavor nucleotides compared to MSG was very diff. erent. IMP and
GMP were labile under the canning conditions (Tables 3.8 to 3.11). The percent recoveries of
. IMP and GMP calculated from these four tables (Tables 3.8 to 3.11) was found to be_ﬁB\:tS
and 53*4, respectively. However, a 94% recovery of IMP and GMP in canned corn- beef {/as
reported (3) using similar cannirg coqditions (120°C for 30 minutes versus 124°C f0r£'30
minutes in _Lhiis stud§'). Also, Hashida et a] reported that the retention of ﬂévor nucleotides was i
from 64 1o 70% in canned green peas, 73'to 74% in canned mushroom (79); and 77 to 889;;/iﬁ/

/
canned red crap meat (80) without explaining their canning conditions. They stated that.\ the

)

i

amount of flavor nucleotides decrease was due to the penetration of these flavor compour\ﬂjs
into the solid matrix of canned products. The difference in results between this study and
others could be attributed to the difference in the analytical methodology employed, namely

Vs

HPLC versus an enzymatic method (131).

3.4 Decomposition of Flavor Nucleotides \

Nucleosides (inosine, guanosine) are L};e major compounds obtained from degradation
of flavor nucleotides (IMP, GMP). The rate of degradation depends on the sample pH and the
“heating time (figure 3.9). The mechanism of phosphate hydrolysis of flavor nucleotides is
shown in Figure 3.10. Although chemical phos;ihatc hydrolysis in nucleotide monophosphates
has not been rcmﬁw, many authors have shown that the best conditions for hydrolysis of

monophosphate esters occurred around pH 4, where the moroanion ‘has the maximum-

concentration (15-17, 24-27, 41, 48, 49, 70).
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TABLE : 3.8
The Recovery of Flavor Enhancers in Canned "Soup”, Group 1
J ' :

Amount Amount Recovery

Compound found added %

.............. e e

MSG 178 mg 189 mg, 24

IMP 2726 ug 3780 ug 72

GMP 2178 ug 3780 ug 57

A}
v
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TABLE : 3.9

I
L

The Recovery of Flavor Enhancers in Canned "Soup” Without Sugar, Group 2

Amount Amount Recovery
Compound found added %
MSG 176 mg 189 mg 93
IMP 2396 ug 3780 ug 64
* GMP 1990 g 3780 ug 53
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TABLE : 3.10

The Recovery of Flavor Enhancers in Canned "Soup” Without Protein, Group 3

.....................................................................................

Amount ' Amount Recovery
Compound found ' added ) %
MSG 190 mg 189 mg " . 100
IMP 2836 g 3780 ug TS
GMP - : 2064 ug 3780 ug 55 .
- =
\ N
S \; 1
~ {
s
AN
' N
Y
AN
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A
' TABLE : 3.11 ' b’
The Recovery of Flavor Enhancers in Canned, Soup" Without Starch, Group 4
Compound Amount found Amount added _ % Recovery
MSG 181 mg 189 mg 96
IMP 2406 ug 3780 ug 64
' GMP 1772 ug 3780 ug 47
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TABLE : 3.12 \
Observation of Canned "Soups" |
f
gt P SRS
- Can numbers pH Oﬁscfvation of color
(after heating in
case of test "T" cans)

1-T-1 | 5.0 . Yellowish protein ﬁrocipitate
1-C-1 4.8 : Same as 1-T-1
2-T-1 ' ‘ 49 Yellowish protein precipitate
2‘-C-1 \l 4.7 . Same as'2-T-1 -
3-T-1 5.4 Whjtc color, no precipitate
3-C-1 5.1 ‘Same as 3-T-1
4-T-1 5.0 » Orahge color in both soup

solution and protein

precipitate.
4-C-1 | 4.7 § Same as 4-T-1
5-T-1 : g - " Yellowish protein precipitate.
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Fig. 3.9 Decomposition of Flavor Nucleotides at Various Retorting Times and pHs
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The SCX'column was found to bc very @nveﬂent for dqlcmiination of - the nucleosides
and the bases which are breakdown products of nucléotidéé . Howevcr,‘~it was difficult to
'anﬁlyse fbr nucleosides (inosine anq glianosine) and bases (hypoxanthine and guanine) |
simultaneously b;cause complete separation could not be achieved even when a variety of
buffe; conditions were examined. For cxampie. with a buffer at pH 3.20 the two nucleosides
| (inosine 'and guanosine) wcré separated completely giving sharp peaks but hypoxanthine was
eluted right after the guanosine peak and guanine was eluted late giving a very broad peak. The
small amount of bases present in the samples as compared to their nucleosides caused difficulty
in quantitation. In contrast, it was found that a buffer at pH 3.60 gave thé optimum conditions
for analysis of the bases, however the two peaks of inosine and guanosiﬁe were unresolved.

The remaining undegradated nucleotides (IMP and GMP) in canned samf)lcs were
determined 1;sing a SAX .column to obtain accurate values. Aithough the nuc_:lcotidcs could bc“
' scparated,wi;h the SCX column, they were eluted very near the solvcnf front with a potential
for interference frorﬁ many compounds. Measurement of pcak areas of different concentrations
gave a linear response for all compounds anﬂysed (I:able 3.13). Upon opening of a canned
sample, ahalysis of both parcnt | compounds (IMP, G/MP) and the breakdown products
(inosine, hypoxanthine, guanosine, guanine) in the samples were completed vmhm a day thus
prevcntigg the possible lds_s of these compounds (especially the bases) due to microbial growth.
Figure 3.11 indicat;s the complete disappearance of hypoxanthine and guanine in can
60-45-T1, 21 days after the original analysis (also noted in séme other gans). Microbial

analysis was performed on this sample. The presence of mold, Bacillus cereus , Escherrichia

coli , and Staphylococcus aureus were -c..irmed on selective media and also using a
biochemical-test (test performed courtesy Dr. Sunny Lam) according to the methodology
described in the Bacteriological Analytical Mannual (60). This microflora obviously (Figure

3.11) caused marked changes in the sampie if not analyscd rapidly after opening.
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TABLE : 3.13
Linearity of Peak Area Measurements
) Column Concentration Correlation
Compound used range tested coefficient
. < (uM)
hY
IMP SAX 6.12-76.5 0.99408
GMP  SAX 5.89-73.68 0.99716
Inosine - SCX 7.45-74.56 0.99954
Guanosine * SCX 7.06-70.60 0.99956
Hypoxanthine SCX - 1.17-14.69 0.99835
Guanine SCX ©  053-662  0.99959

........................................................................

102
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Fig. 3.11 Liquid Chromatogram of the Canned Nucleotides Solution (6045T1)
Showing Effect of Microbial Growth on Bases. |
A = Original Aﬁalysed Sample; B = S;mple Analysed 21 Days After. I = IMP
G = GMP; 1, = Inosine; G, = Guanosine 1, =_Hypoxanthine; G, = Guanine.
SCX Column, Phosphate Buffer 0.01M, pH 3.60, Flow rate 0.5ml/min
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The level of disodium IMP and disodium GMP used by other workers at pH 5.6 was
0.25 and 0.11%, respectively (3). A level of 0.003% was used in this study to simulate the levels
. used in the canning industry ast shown in Tables 3.3 and 3.7. Samples ’cxamincd’ at 0.1%
concentration of IMP and GMP (tested using the same canqing procéd'ure as other cans with |
_the lower 0. 003% levels) gave slmxlar amounts of decomposition of flavor nucleotides. Thus at
l‘ least within the concentration 0.1 - 0. 003%u there was no difference in the decomposition.
Buffers of pH 4.5, 5.5 and 6.5 were chos;n to ‘include the normal range in pH of food. Thcre
was nét much change in pH of ‘the sample measured before ?nd Jti:r the canning (Tablc 3.14).

Quantitation of thé brcakdoWn ﬁrdducts of IMP and\ Gl was much easier when these
two ﬂavor nucleotides were canned scparately (Fxgurcs 3. 12 and 3.13). Precxsxon studies of the ‘
parent compounds and their breakdownxproducts were carried out on samplcs 1-45-T1 and
 G-45-T1 with five repeated injéctions (Tableé 3‘._15 @d 3.16). The total recovery of parent
. compounds_(f‘lailor nuclcon‘dcé) and tﬁ’cﬁr breakdown- products (nucleosides And bases) was
91.8 a‘md 92.4% in canned samples of IMP ahd GMP, respectively. Calculation of th&e values

was based on a comparison with the amount of flavor nucleotides found in the control cans
. {
i .

- (Tables 3.15 10 3.17). - A

3.5 Hydrolysis . ' P
- The p0551b1e hydrolysis routes of Tlavor nucle?udes are g1vcn in Fxgure 3.14. The .

phosphate hydrolysis as stated before (section 3 4), is known to ogJ:ur almost exclusxvcly f rom 7

//

the monoanion as shown in Figure 3.10. Examination of the mmz‘émon constants for the flavor
nucléotidcs [I-‘igun‘:il 3.15, from TS'O (»187)]' demonstrates that .r.hc maximum vconocntration of
monoanion w'ould.occur bctwecn the pH extremes of about 6.0 (dianion pKa) and about 1.0
(original pKa of monoanion fi oﬁnation) Probably, like most monophosphatc es;ers (section

3.4), the maximum is near a pH of 4 .0. Thus, as canmng oonfthuons approach this pH, more

and more phosphatc hydrolysis would occur. : ' .



Can Numbers

................

15-45-T1

15-55-T1
15-65-1“_1‘
30-45-T1
30-55-T1
30-65-T1
© 60-45-T1
60-55-T1
| 50-65-Ti

................
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TABLE : 3.14 ‘ '

Qbservétion of Canned Flavor Nucleotides

| pH | |
mrereneneees | ,_ - S;uﬁplcSolution
“before hcéting O after hcating ‘

4.80 : ' 4.95 - _. '.l'ransp_ar"ent '

. 5.58+ . 5.52. ‘ Tr'an'spar,cnt'
L‘S.SJ 3 | . o 6.47 . Tfansparent '

' 4.83 - 4.95 o Transparent

; ! 5.58 : 555 Transparent

6.52 - 64 | 'fripsparent‘

4.75 | 498 ' Transparent
. b=

552 5.55 . Transparent

6.51 - 6.52 Tra;xsparcm

. Q
-y
G
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Fig. 3.12 Liquid Chromatograms of A : Canned IMP Solution (I45-T1) and
B : Standards of 1 : IMP (25.5 uM); 2 : Inosine (24.2 xM); 3 : Hypoxanthihe (1.5
uM). SCX Column, Phosphate Buffer 0.01M pH 3.60, Flow Rate 0.5 ml/min.
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Fig. 3.13 Liquid Chrof’matograms of A : Canned GMP Solution (G45T1) and B : Standards
of 1: GMP (26.5.M); 2 : Guanosine (35.3 uM); 3 : Guanine (1.32 uM). SCX
Column, Phosphate Buffer 0.01M, pH 3.60, Flow Rate 0.5 ml/min.
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TABLE : 3.15
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!
Prbcision Analysis of the Degradation of IMP in Canned Samples at pH 4.5

.....................................................................................

IMP

Inosine

Hypoxanthine

SAX
SCX
SCX

Amount fouqd
(uM)
Can1-45-T1
37.9,40.0,38.1,40.2,39.2
27.8,28.5,27.8,29.0,29.3
14170818
Can1-45-Cl
76.9,73.6,75.1,76.0,76.2

_Avcrage

(M)

39.1
28.5

1.7

............

Standard

deviation



TABLE : 3.16
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Precision Analysis of the Degradation of GMP in Canned Samples at pH 4.5

.....................................................................................

SAX

SCX
SCX

Amount
found
(uM)

Can G-45-T1
27.6,27.9,26.4,27.2,26.0,26.4
40.9,40.5,40.5,40.0,42.1,42.2,40.8

| 0.99,0.95,0.97,0.97
Can G-45-C1
75.9,72.2,76.0,71.5,77.0

Average
amount

(uMY

Standard

deviation

0.76
0.84
0.02

Compound
GMP
Guanosine
Guanine
GMP



Compournd Amount added® A?noﬁm found
(uM) (uM)
------------------- Can1-45-T1
IMP ] ' 75.;"‘ 391
Inosine 0- 28.5
) Hypoxanth'ir_)e : 0 1.7
------------------- | Can G-45-T1
GMP - 45 2650
Guanosine 0 " 41.00
Guanine - 0 0.97

TABLE : 3.17

110

- Hydrolysis of Flavor Nucelotides in Sample at pH 4.5 Processed at 124°C for 60 min.

*Amount found in the control can is considered as amount added.

51.8
" 377
2.3
36.1
55.0°7
1.3
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Hypoxanthine : X=H
Guanine : X=NH;

Fig. 3.14 Degradation of Flavor Nucleotides
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To investigate what hap;;n(at\thr\?ﬂ extremes experimental cannings (temperature
124°C, time = 60 minutes) were carricd out at pH 9.0 (0.02M phosphate buffer) and pH 1.5
[established with concentrated phosphoric acid (85%), equal to 0.70M phosphate buffer]. At
PH 9.0 no nucleosides or bases were detected, and IMP, GMP were recovered at 93.2 and
93.6%, rcspectjycly. At pH 1.5, the canned samples were completely hydrolysed to their bases.
Acid hydrolysis of nucleosides and nucleotides has been “reported to ﬁrocwd via two
mechanisms (47, 64, 83, 126, 148, 166-168, 174; 212, 213). It is known that in the case of
purines (both IMP and GMP are purine gucleou'deﬁ) the only mechanism operative is the one
shown in Figure 3.16. As can(:bc s;en by this mcchanism.. protonation of the bases (pKa IMP
= 1.2 and pKa GMP .= 2.4) is >quired as the initial step so a lowering of the pH greatly
enhances base hydrolysis. Fu;thermore, the electron withdrawing effect of the 5'-phosphate
would be expected to destabilize the key oxonium ion intermediate leading to slowe; base
hydrolysis for- the nucleotides cofnpared with their corresponding nucleosides. Tin's was
confirmed by subjecting the nucleosides at pH 4.5 to the canning conditions (Table 3.18). It
was found that there was considerably more base hydrolysis from the nucleosides (Table 3.18)
than the samc. concentration of nucleotides (Table 3.17) when both were subjectcd‘ to sirm'lar‘
canning conditions. In fact, with about four times aé much 'base hydrolysis occurring with the
nucleosides (comparing Table 3.17 and 3.18. 9.8% hypoxanthine from inosine as compared to
2.3% hypoxanthine starting with IMP, 4.3% guanine as compared to 1.3% guanine starting with
GMP), it seems as thought all the base hydrc;lysis from the nucleotide cans resulted from the
nucleosides formed during canning (37.7% inosine and 55.0% guz}nosine, Table 3.17).
Therefore, it seems that the decomposition of the nucleotides during canning occurred by initial

phospHate hydrolysis to the nucleosides followed by slow base hydrolysis of the nucleosides as

_nucleoside levels increased (Figure 3.14). o
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Fig. 3.16 Acid Hydrolysis of Flavor Nucleotides and Their Nucleosides
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TABLE : 3.18

- Hydrolysis of Nucleosides in Sample at pH 4.5 Processed at 124°C for 60 min.

Amount Amount
Compound added* | found % Found
(M) (uM)
------------------- “Can PSI-45-T1 R AL L L
Inosine 73.7 ’ 66.7 90.5
Hypoxanthine o 7.2 . 9.8
et Can PSG-45-T1
Guanosine 72.1 . 68.2 ‘ 94.6 |
Guanine - 0 SREV O 43

* Amount found in the control can is considered as amount added.



4. CONCLUSIONS

A modified extraction and HPLC method was developed for simultaneous analysis of
.flavor enhancers (MSG, IMP and GMP) g_md ;)thcr compounds such as aspartic acid,
pyroglutamic acid (PCA) and chloride (NaClj present in foods using an SAX column. Tb;'s
column and/or an SCX column was used for the analysis of 5'-nucleotides and their breakdown
products. Various types of commercial canned soups, instant dr}‘ x{:ix-soups, consomme soup,
soysauce, béef in-a-Mug, chicken in-a-Mug and potato chips, as well as Testaurant foods were
analysed. The an;lysi,s procedures required only 25 minutes with highly r@rMudble _rcshlts
indicating that HPLC was a vci'y powcrful analytical tool for these analyses. These methods
could be applied to routine analvses in the food industry and aré useful f or quality control.

The eff ect“of canning on the stability of flavor enhancers was studied. MSG was very
vstable with a ret;mion of 94% (af tcr‘retoning for 30 minutes at temperature of 124‘C). Neither
PCA, nor cvidence_ of Maillard rcactjon products, régultin_g from interaction _of MSG with
- reducing sugar, were found in the samples. Flavor nucleotides (IMP and GMP) are very labile
under canning conditions. Their corrcéponding nucleosides were identified to be the major
breakdown products. The amount of inosine and guanosine qbtained in canning (rctorﬁng 60
minutes at a temperature of 124°C and initia] pH of 4.50) were 41.3 and 65.9%, respectively.
Nucleosides in the samples were shown to slowly decompose to their bases. 'Thc rate of such'
changes of flavor nucleotides was very dependent on the sample pH. The maximal breakdown
of 5'-nucleotides to their nucleosides was observed at pHs ;pproaching 4.0. AtapH of 1.5
flavor nucleotides were hydrolysed completely to their bases. While at a pH of 9.0, they were

stable (with a retention of 93%) during the'canm'ng process. (retorting ‘60 minutes, 124°C).

116
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5. RESEARCH NEEDS

-

Future studnes on the changes of MSG in solid foods such as hamburger bacon
Bar B-Q products etc reqmrmghxgh cooking temperatures are recommcndcd

A detailed study on the mflucncc of pH water-activity, temperaturc is required to

obtain a’thorough understanding of 5'-nucleotide hydrolysis during pioccssmg and storage

Prevention of losses to mdigcnous or added 5'-nucleotides in food undcr processing conditions

is the goal for further studies.

The decrease of 5'-nucleotides, their nucleosides, and the increase of their bases during
N ' N N

storage were demonstrated in a study presented in Appendix I and II. Care in future testing ‘is

necessary because the presence of the bases may afford good conditions for microbial growth in
food.

17 ' N

O



BIBLIOGRAPHY |

\J

) 4

1. Ajinomoto Tech. Bull., part 4 1982. Use of nucleotides in food.

N

2. Ajinomoto Tech. Bull., part 2 1982. Flavor properties.
3. Ajinomoto Tech. Bull., part 3 1982. Physical properties.
4. Ajinomoto Tech. Bull., part 1 1982. Savory substances.

5. Ajinombto Tech. Bull., 1982. Ajinomoto Co's IMP.

0

6. Ajinomoto Tech. Bull,, 1982. An introduction to.nucleotide seasonings. IMP, I +G, GMP.

7. Anon. 1981. Monosodium glutamate enhances flavor, may restore natural ingredient to

frozen food. Quick Frozen Foods 1°: 52.

8. Anon. 1981. Monosodium glutamate (MSG). J. Food Trade Review 2:61.

8a. Anon. 1980. Monosodium glutamate (MSG)." Food Tech. 34 (10) : 49.
9. Anon. 1980 . Aspartame. Food Market Commentary 2 (1) : 15.

10. Archibald, R. M. 1945. Chemical characteristics and’physiological roles of glutamine. "

(2

Y

Chem. Revs. 37 : 167.

118



- 119

[N
v

11. Armand, P., Abello, G and Gayte -Sorbier, A. 1976. Methods de dosage du gluLamate de

sodxum 11 ‘Potages én bortes sauces, plats cuisines, assasronnemems et aromes divers.

’

‘Ann. Fals: Exp. Chim. @ (742) : 545.
& .

7

12. Arnoux, A., Abello' G., Gﬁyte-Sorbiér A. and Armand P "1976. Meéthodes de dosage du
" glutamate de sodium. Utrlrsauon d'un analyseur automatrque centrifuge. Ann. Fals,

Exp Chim. 69:(742) : 557.

13. Bailey, B.W. and Swift, H. L. 1970. Note on a rapid paper ‘chromatogréphic method for the

estimation of.added monosodium glutamate in food. J. Assoc. Off. Anal. Chem. 3

8. . . T N

& <

14, Bakalyar, S. R. and Henry, R.A. 1976 Vanables affecting precrsron and accuracy in hrgh

performance quuld chromatography. J Chromatogr 126 327.

EY

™~

15. Bailly, M. C. 1942. Recherche sur la transposition et hydrolyse des monoesters

orthophosphoriques du glycerol. I'V : Essai d'interpretation des phenomenes. Bull. Soc.

* Chem. France 5 (9) : 421, '

-16. Bailly, M. C. 1942 Recherches sur la transposmon et lhydrolyse des MONOESLETS

orthophOSphonqués du glycerol. I. Transposmon des B. et a- glycerophosphates. Bull.

.Y

Soc. Chim. France 5 (9) : 314.

-

17. Bailly, O. and Gaume, J. 1936. Sur la synthese et 1'hydrolyse de quelques esters
phosphoriques dirives §ar methylation du monoester glyeoorthophosphorique. Bull.

Soc. Chim. France 15 : 1396.

g



18.

19.

20.

22.

23.

25.

26.

120

Blattner, F. R. and Erickson, H. P. 1967. Rupid nucleotide separation by chromatography

on cation - éxchange columns. Anal. Biochem. 18 : 220.

Blattner, F. R. and Erickson, H.P. 1967. Rapid nucleotide separation by chromatography

on cation - exchange columns. Anal. Biochem. 18 : 220. ‘ .

Bauernfeind, J. C: and Timreck, A. 1978. Monosodium glutamate, a food carrier for added

vitamin A and iron. The Philippine J. of Science 107 (3-4) : 203.

.

-~

. Bernt, E. and Bergmeyer, H. U. (Eds) 1963. Methods of Enzymatic Analysis. Acaderr

Press. New York_.

Bratton, A. C. and Marshall, E. K. 1939. A new coupling component for shlfanilamide

determination. J. Biol. Chem. 128 : 537.
-

Brown, P. R: 1970 The rapid separation of gucleotides in cell extracts using high- pressure

llqmd chromatograph\ J. Chromatogr. 52 : 257.

. Bunton, C. A., Llewdiyn, D. R., Vernon, C. A. and Wéfc’:ﬁ,?V. A. 1961. The reactions of -

.

organic phosphates. Part IV. Oxygen exchange between water and orthophosphoric

acid. J. Chem. Soc. 1636. N

Bunton, C. A., Llewdlyn, D R, Oldham, K. G and Vernon, C. A. 1958. The reactions of
|
‘organic phosphates. Part I. The hydrolysis of methyl dihydrogen phosphate. J. Chem.

Soc. 3574.

Bunt%}n, C. A., Llewedlyn, D. R., Oidham, K: G. and Vernon, C. A. 1958.’ The reactions



121

I~

of organic phosphates. Part 1.. The hydrolysis of a - D~ glucose 1 - (dihydrogen
phosphate). J. Chem. Soc. 3588.
‘(

27. Butcher, W. W. and Westheimer, F. H. 1955. The lanthanum hydroxide gel promoted

hydrolysis of phosphate esters. J. Am. Chem. Soc. 77 : 2420.

28. Buri, R., Signer, V. and Solms, J. 1970. Die Bedeuting von freien Aminosauren und
Nulcleotiden fur den Flavor von gekdchten Kartoffc:hn; Lebensn. Wiss. Technol. 3 :

63. . .

29. Byrne, S, H. and Kirkland, J.J. (EEé)L1971. Modern Practices of Liquid Chromatography.

Wiley - Interscience. New York,

N

-

30. Cagan, R. H., Torii, K. and Kare, M. R. 1979, .Biochemical»'studigs'lof ‘glutamate taste
receptors. The Synergistic taste effect of L - glutamate and 5' - ribonucleotides. p;i 1-9.
In : Glutamic Acid, Advances in Biocher‘nisﬁy and Physiblc;gy."al-‘iler, L.J., Garattini,
S.. Kare, M. R.’ and ngnolds, W.A. (Eds). Raven Press.:Newl Yori:. ’ -

31. Carballido, P. A, Valdehita,’h\d. T.and De La T.‘orré, M. A. 1§79. ‘Mor}dsodium giutamaté

in canned pre - cooked meals. Anal.' Bromatol. 31 (1) : 1.

. - ) o
32. Cayley, P. J., Brown, R. E, and Kerr, 1. M. 1982. High performance liquid
chromatography of 2', 5'-oligoadenylates and related oligonucleotides. J. Liquid

* “Chrom. 5 (11) : 2027..

33. Clark M., Witherspoon, D. (1982). Is.salt really that bad ? Newswéc;k, Sept. 27, p. 86.



34.

35.

36.

. 37.

38.

39.

41.

Biochem. J. 186 : 163.

122

Cleaves, D. W. 1950. An interpretation of the kinetics of glutamic acid lactam formation.

Clydesdale, F. M., Lin, Y.D., and Francis, F. J. 1972. Formation of 2 - pyrrolidone - 5

carboxylic acid from glutamine during processing and storage of spinach puree. J. Food

Science'_3_7 .- 45,

Co'né.cher.’ H. B. S., Iyénga;, J. R, Miles, W. F. and Botting, H. G. 1979 Gas-liquid

chromatographic determination of monosodium glutamate in soups and soup bases. J.

Assoc. Off. Anal. Chem. 62 (3) : 604.

Cooper, P..1981. MSG - mainly reproductive effécts. Food. Cosmet. Toxicol. 19: 503.

~

Cooke, N. H. C. and Olsen_, K. 1980. Some modern concepts_in reversed>phase hquid '

chronfhtography on chemically bonded alkyl stationary/pﬁases. J. Chrom. Sci. 18 (10)-: ,

512.

Coppola E.D., Chnsue S. N. and Hanna, J. G. 1975 Fast, short - column separauon

and fluorometnc determmatlon of monosodlum glutamate in foods. J. Assoc Off.

Anal. Chem. 58 (1) : 58.

‘ 436-438. Academie Nationale de Medecine, Seance du 9 Mai 1972,

4

. Courtois, J. E. and Derot; M. 1972. Sur le glutamate de sodium a usage alimentaire. pp;

Cox, J. R and Ramsay;, O. B. 1964. Mechanism of nucleophilic substitution in’ phosphate

esters. J. Chem. Rew, 64 (4) :

317



123

42. Cox, G. B., Loscombe, C. R., Slucutt, M. J., Sugden, K. and Upfield, J. A. 1976. The
preparation, properties and some applications of bonded ion - exchange ﬁackings based
on microparticulate silica gel for high : performance liquid chromatography..‘ J.
Chromatogr. 117 :,‘269

43, Grépel, F., Dhanjal, S. S. and Sears, T. A. 1982. Effect of glutamaté, aspartate and related
derivatives on cerebeilar purkinje cell deﬁdrites in the rat : An in vitro study. J.

Physiol. 329 : 297,

44, Currie, R. W., Sporns, P. and Wolfe, F. H. 1982. A method for the analysis of ATP

metabolites in beef skeletal muscle by HPLC. J. Food Science 47 : 1226.

45. D'Ambrosio, A. 1967. Taste enhancing agents as an expression. on modern food technology.

Ann. Fac, Agr. Univ. Catt. Sacro Cuoro 7 (2): 377.‘ _;
: ; ‘ |

46. Deininger, G. and Halasz 1970. Modification of a differential-refractometer-deléctor for

liquid chromatography. J. Chromatog. Sci. 8 : 499.

© 47. Dekker, C. A. 1960 Nucleic acids. Selected toplcs related to their enzymolog} and

« chemistry. Ann Rey. onchcm 29 : 453,

48. Di Sabato G and Jencks W, P 1961. Mechamsm and cataly51s of reaction of acyl

phosphates. I1. Hydro]ysxs J. Am. Chem. Soc 83 : 4400

49. Di Sabato, G. and Jencks, W. P 1961. Mechanism and catalysis of reactions of acyl

-

ﬁhosphates. I. Nucleophilic reactions. J. Am. Chem. Soc. 83 : 4393.



124

50. Dische, Z. and Chargff E. (Eds).1955. The Nucleic Acids. Vol. 1. Academic Press. New

York.

51. Dorfner, K. and Cores, A. F. (Eds). 1962. Ion Exchangers, Propeities and Appliéation_s.

Ann. Arbor Science Publish. London.

52. Engelha}dt, H. (Ed). 1979. High Performance Liquid Chromatography Chemical

Laboratory Practice. Gutnikov, G. (translated from German). Springer - Verlbag -

Berlin, Heidelberg.

-

53. Eutre,™L. S. and Horvath,1975. Foundations of modern liquid chromatography. Anal. -

Chem. 47 (4) : 422A.

54. Ferrandez-Flores, E., Johnson, A. R. and” Blomquist, V. H. 1969. Estimation of

monosodium glutamate in food products. J. Assoc. Off. Anal. Chem. 52 (4) : 744,

\

5S5. Filer, L. 1., Garattini, S., Kare, 'M. R., Reymolds, W. A. and Wurtman, R. J. (Eds).
1979. Glutamic Acid : Advances in Biochemistry and Physiology Raven Press, New

York.

-56. Finzi, M. 1972. Biological, nutritional, dietetic and pharmacotherapeutic review of glutamic

acid and its salts. Ind. Aliment. 11 (12) : 61.

57. Fisher, M., Zimmerman, T. P. and Short, S. A. 1982, A rapid method for the
B determiﬁation of guannosine-5'-diphosphate -3'-disphosphate and guanosine
5'-triphosphate-3'-diphosphate by high performance liquid chromatography. Anal.

Biochem. 121 : 135.



58.

59.

60.

61.

62.

63.

64.

6s.

66.

67.

125

>

Fiske, C. H. and Subbarow, Y. 1929. Phosphocreatine. J. Biol. Chem. 81 : 629.

t

Font, A. M. and Lopez, G. V. 1975. Determination of monosodium glutamate in baby

foods. Circ. Farm. 33'(246) : 25.
Food & Drug Adminiétration Revised Edition. '1982.

Freeman, T. M. and Gregg, O. W. (Eds). 1982. Sodium Intake-Dietary Concerns.

\American Association of Cereal Chemists (AACC). Minnesota.

Fritz, J. S., Gjegde, D. T. and Pohlandt, C. (Eds)«. 1982. Ion Chromatography. Dr. Alfred

Huthig Verlag, Heidelberg.

‘Fujimaki, M. 1982. Umami taste in foods (Shokuhin no umami). Tokushu Nyuzo

Inshokuhin no Aji (Jap.) 75. (11) : 873.

Garrett, E. R. and Mehta, P. J. 1972. Solvolysis of adenine nucleosides. 1. Effects of

sugars and adenine substituents on acid solvolyses. J. Am. Chem. Soc. 94 : 8532.

-

Garrett, E. R. and Mehta, P. J. 1972. Solvolysis of adeine nucleosides. II. Ef fi:cts of sugar

and adenine substituents on alkaline solvolyses. J. Am. Chem. Soc. 94 : 8542.

Genieser, H. G., Gabel, D. and Jastorff, B. 1983. Characterization of silica bonded

stationary phases. J. Chrom. 269 : 127.

Giacometti, T. 1979. Free and bound glutamate in natural products. pp. 25-34. In :



126

Glutamic¢ Acid Advances in Biochemistry and Physiology. Filer, L.J., Kare, M. R.,

Garattini, S., Reynolds, W. A. and Wurtman, R. J. (Eds). Raven Press. New York.

68. Girardot, N. F. and Peryam, D. R. 1954, MSG's power to perk up foods. J. Food Eng. 12

: 71.

69. Gum, F. and Bechérer. R. J. (Eds). 1979. Optical Radiation Measurements. Vol. 1.

Academic. New York.

70. Haake, P. C. and Westheimer, 1961. Hydrolysis and exchange in esters of phosphoric acid.

J. Am. Chem. Soc. 83 : 1102.

L

71.Hac, L. R., Long; M. L. and BLish, M. J. 1949. The occurrence of free L -glutamic acid in

various foods.  Food Tech. 10 : 351.

72. Hamann, E. H. and Guenther, E. (Eds). 1978. Flavor potentiator. pp. 360 - 361. In : .

Encycl. Chem. Tech. Academic press. New York.

73. Hamann, E. H. (Ed) 1983. Flavor enhancers and potentiators. pp 702-706. In : Foods and

Food Production Encycl. John Wiley & Sons. New York.

"73a. Hamann, E. H. (Ed) 1983. Sodium chloride. pp 2605-2606. In. : Foods and Food.

Production Encycl. John Wiley & Sons. New York.

74. Hamilton, R. J. and Sewell, P. A. (Eds). 1977. Introduction to High Performance Liquid

Chromatography. John Wiley & Sons. New York.



127

75. Hamilton, P. B. 1960. lon exchange chromatography of amino acids. Study of effects of

high pressures and fast flow rates. Anal. Chem. 32 (13) : 1779.

76. Hancock, W. S. and Sparrow, J. T. {Eds) 1981. HPLC Analysis of Biological Compounds.

A Laboratory Guide. Marcel Dekker, New bYork.

77. Hanson, H. L., Brus Brushway, M. J. and Lfneweaver, H. 1960. Monosodium glutamate
studies I1. Evaluation of a possible flavor stabilizing effect of. glutamate. in frozen
foods and of the stability of glutamate to commercial canning process.  Food Tech.

14 (7) : 328.

78. Hartiwick, R. A. and Brown, P. R. 1975. The performance of micropartii:-le chemically

bonded anion-exchange resins in the analysis of nucleotides. J%Chromatogr. 112 : 651.

79. Hashida, W., Mouri, T. and Shiga, I. 1966. Application of 5'-ribonucleotides to canned

vegetables.  Food Tech. 20 (7) : 95.

80. Hashida, W., Mouri, T., Shiga, 1. 1968. Application of 5'-ribonucleotides to canned

seafoods. Food Tech. 22 (11) : 102.

81. Heine, D. R. and Denton, M. B. 1982. Determination of nucleotides by liquid
chromatography with a phosphorus - sensitive inductively coupled plasma' detector.
Anal. Chem. g : 81.
i«
82. Heiss, J. F. and Kuhajek, E. J.(Eds) 1978. Sodium compounds - Sodium chloride, health
and safety factors. pp. 218 - 219. In. : Encycl. Chem. Tech. Academic Press. New

York.



128

83. Hevesi, L 1972. Contribk&tion to the mechanism of the acid-catalysed hydrolysis of purine

nucleotides. J. Am. Chem. Soc. 94 : 4715.

i

84. Hirose, Y., Ishihara, K., Terashi, K., Makimura, H., Utsumi, M., Morita, S. and Baba, S.
1982. Characteristics of rats with hypothalamic obesity induced by MSG. II. Changes
in pancreatic and gut hormone in the peripheral circulation. Igaku no Ayumi (Jap.).

-

121 (2) : 70.
85. Horvath, C., Preiss, B. A. and Lisky, S. R. 1967. Fast liquid choromatography : An
investigation of operating parameters and the separation of nucleotides on pellicular ion

exchangers. Anal. Chem. 39 (12) : 1422, )

86. Horvath, C. (Ed) 1980. High Performance Liquid Chromatography Advances and

Perspectives. y}ﬂ. 1. & 2. Academic Press. New York.
87. Ikeda, K. 1909. On a new seasoning. Tc\>kyo Kagakukaishi (Jap.) 30 : 820.

88. Japanese Official Method for Determination of Food Additives. 1978. Dai Yon Han

Shbkuhin Tenkabutsu Koteisho. pp 403 - 408. Nihon Shokuhin Eisei Kyokai. Tokyo.

89. Japanese Official Method for Determination of Food Additives 1974. Dai San Han

Shokuhin Tenkabutsu Koteisho Chukai. pp. 913 - 920. Kanehara. Tokyo.
90. Joint FAO/WHO Expert Committee on Food Additives, 18th Report. 1974. p. 14 and p. 33.

91. Kambe, C., Ozawa, Y., Noda, F. and Sakasai, T. 1975. Determination of organic acids in



92

93

94

95

96

97

98

129

soy sauce by a new carboxylic acid analyzer. Shoken. (Jap.) 1 (3) : 142.

~

. Kasahara, Y., Kawamura Y. and Ikeda, S. 1970. Neurophysiological analysis of relations

- ‘

between taste effectiveness and chemical structures of 5'-ribonucleotides. J. Physiol.

Y

Soc. Japan (Jap.) 32 : 748. O

. Katz, S. and Comb, D. G. 1963. A new rhethod for tt}c determination of the base

cofnposilion of ribonucleic acid. J. Biol. Chem. 238 (9) :t\3065.

. Kikuchi, M., Ozawa, Y. and Suzuki, K 1973. Automated measurement of L-glutamate in

SOy sauce u'sing L-glutémate dehydrogenase. Agr. Biol. Chem. 37 (7) : 1673.

. Kirimura, J., Shimizu, A., Kimizuka, A., Ninomiya T. and Katsuya, N. 1969. The
Contribution of peptides and amino acids to the taste of foodstuffs. J. Agr. Food.

Chem. 17 (4) : 689. ' .

- Kirkland, J. J. 1970. High speed separations of nucleotide and nucleic acid bases by column
chromatography using controlled surface porosity ion exchangers. J. Chrom. Sci. 8 (2)

2 72.

. Kirland, J. J. 1969. Techniques for high - performance liquid-liquid and ion exchange

chromatograpﬂt\?y with controlled surface porosity column packings. J. Chromatogr. Sci.

7 : 361.

O

. Kitada, Y., Inoue, M., Tamase, K., Imbu, M., Hasuike, A., Sasaki, M. and Tanigawa, K.
1983. Ion-pair high performance liquid chromatographic deterniaat = of inosinic acid

in meat. J. Assoc. Off. Anal. Chem. 66 (3) : 632.



130

99. Knelman, F. H. 1955. Chemicals from Canadian wheat. J. Canadian Chemical Processing.

’

8 :32.

100. Knok, J. H. (Ed). 1980. High Performance Liquid Chromatogrpahy. Edinburgh

University Press. Boston. -

101. Kodama, S. 1913. Isolation of inosine monophosphate. Tokyo Kagakukaishi (Jap.) 34 :

751

102. Kohler, C. and Schwarcz, R. 1981. Monosodium glutamate : increased neurotoxicity ‘after

removal of neuronal re-uptake sites. Brain Res. 211 : 485.

103. Kojima, K. 1974. Safety evaluation of disodium 5'-inosinate, disodium 5'-guanylate and

disodium 5'-ribonucleotide. J. Toxicology 2 : 185.

\'\
104. Komata, Y. 1976. Utilization of nucleic acid-related substances in foods. pp. 299-332.1In :
Microbial Production of Nucleic Acid - Related Substances. Ogata, K, Kinoshiia, S.,

Tsunoda, T. and Aida, K. (Eds). John Wiley & Sons. New York.

'N5. Krueger, J. 1979. MSG : One of food industry's most studied ingredients. Processed

Prepared Food. ] : 128.

106. Kuninaka, A, 1981. Taste and flavor enhancers. pp. 305-353 In : Flavor Rese2-ch, Recent
Advances. Taranishi, R., Flath, A. and Sugisawa, H. (Eds). Marcel Dekker. New

York.



131

107. Kuninaka, A. 1967. Flavor potentiators. pp. 515-535. In : Symposfurn ‘on Foods. The
Chemistry & Physiology of Flavor. Schultz, H. W., Day, E.A. and Libbey, L. M.

(Eds). AVI. Westport. Connecticut.

v

¢

108. Kuninaka, A. 1966. Recent studies of 5'-nucleotides as new flavor ehhancers. In : Flavor
Chemistry. Sy{nposium in Food Chemistry, Michigan 1965. ACS. Washington.

109. Kuninaka, A., Kibi,._M'. and Sakaguchi, K. 1964. Histof)' and development of flavor

nucleotides.  Food Tech. 3 : 29.

110. Kuroshima, E., Oyama, Y. and Matsuo, T. 1968. The determination of pyroglutamic acid

in soy sauce. Chomikagaku. (Jap.) 15 (4) : 24.

N e
5ot
T

111. Kurtzman, C.H. and Sjostrom, L. B. 1964. The Flavor-modif ying properties of disodium

inosinate. " Food Tech. 9 : 1467,

112. Kusakabe, H., Midorikawa, Y." and Fujishima, T. 1984. Methods for determiﬁing

L-glutamate in soy sauce with L-glutamate oxidase. Agric. Biol. Chem. 48 (1) : 181.

t

113. Kusuwi, S. and Murakoshi, A. 1980. A simplified colorimetry procedure for sodium

5!-inosinate determination. Nippon Shokuhin Eiseigaku Zashi. (J ap.) 21 (5) : 381.

134. Laitinen, H. A. and Ewing, G. W. 1977. Analytical separations. pp. 291-327. In : A

History of Chemistiy. Laitinen and Ewing (Eds), ACS. Boston.

115. Lemkey-Johnston, N. and Reynolds, W. A. 1972. Incidence and extent of brain lesions in

mice following ingéstion of MSG. Anat. Rec. 172 : 354.



116.
117.
118.

119.

V12‘o.'
121.
122,
123,

124,

132

Lento, H. G., Ford, J. A. and Denton, A. E. 1963. A method for determining 5'-

nucleotides. J. Food Science. 29 (4) : 435.

Lopez, A. 1981. A Coniplete Course in Canning. 11th Edition, Books I and II. The

Canning Trade P1. ish. Maryland.

Luh, B. S., Antonakos, J. and Daoud, H. N. 1969 Chemical and. quallty changes in
strained carrots canned by aseptic and retort processmg Food Tech. 23 : 377,
/ .
Mahdi, A. A., Rice, A. C. ahd Weckel, K. G. 1961. Off-flavor in foods. Effect of
pyrrolidonecarbbxylic acid on flavor of processed fruit and vegetable produéts. J. Agr.

Food Chem. 9 (2) : 143.

Mahdi, A. A., Rice, A. C. and Weckel, K. G. 1959. Formation of pyrrolidone - carboxylic

acid in processed fruit and vegetable products. J. Agr. Food Chem. 7 : 712.
/

Markakis, P. and Amon, A. 1969. The presence and origin of 2-pyrrolidone-5-carboxylic

acid in processed concord grape juice‘ and its concenfrape. Food Tech. 23 : 1463.

Maggs, R. J and Simpson, C. F. (l;".ds) 1978. Practical High Perforrmance Liquid

Chromatography Heyden, London

\\

MaJors R E. 1980 *Recent advances in HPLC packagmg and columns. J Chrom Sci. 18

(10) 488

Mangano, R. M. and Schwarcz, R. 1983. Chronic infusion of endqgenous excitato_ry amino

\ .



133

acids into rat striatum and hippocampus. Brain Res. Bull. 10 : 47.
125. Mangano, R. M. and Sch'{avarcz, R. 1981. The human platelet as a model for the
' glutamatergic neuron : Platelet uptake of L-glutamatc. J. Neurochem. 36 (3) : 1067.
126. Mely, Bv. and Claveric, P. 1974. Theoretical contribution to mé mechar)jsm of hydrolysis
of the nucleosides. Biochim. Biophys. Acta. 353 : 28. |
. A .
127. Morselli, P. L. dnd Garattini, S. 1970. Monosodium glutamate and the chinese restaurant

syndrome. Nature. 227 (8) : 611.

128. Munk, M. N. 1983. Refractive index detectors. In : Liquid Chromatography Detectors.

Vickrey, T. M. (Ed), Marcel Dekker. New York.

129. Munk, M. N. 1970. Composition of low dead volume UV absorption, refraciive index, and
O T ‘L

' heat of adsorbtion detectors for liquid chromatography. J. Chromatogr. Sci. 8 : 491.
. - . ~
130. Murakami, F., Rokushlka S. and Hatano, H. 1970. Cauon -exchange chromatography of

nucleotldes nucleosides and nucleic bases. J. .Chromatogr. 53 : 584.

131.Nakajima N. Ichxkawa K., Kamada, M. and Fujita, E. 1961 I. Food chemncal studies

| on 5' nbonucleotnde§ : On the 5'-ribonucleotides in foods, determmauon of the
5 nbonuc}eoudes in var10u§ stocks by .ion exchange chromatography .Nippon
Nogeikagaku Kaishi (J. Agr. Chem. Soc. Jap.) 35 (9) : 797.

132. Nakajima N., Ich’ikawa K Kamada, ‘M. and FUJlta E. 1961. I1. Food chem1cal studxes 4
on 5 nbonuc]eqﬂées On the §' rlbonucleoudes in foods 5' Rlbonucleoudes in fishes,

/

-



133.

134,

135.

136.

137.

138.

139.

140.

134

shellfishes and meats. J. Agr. Chem. Soc. Jap. 35 (9) : 803.

Nakajima, N. Ichimawa K., Yoshimura, I., Kurlyama C., Kamada M. and Fuma E.
1963. 111. Food chemxcal studies on 5' -ribonucleotides. Enzymatlc determination of

5'-ribonuceotides in food. J. Agr. Chem. Soc. Jap. 37.. : 558.

Nakamura, J. and Agata A, 1972 Defelopmem of products and patents; II Ajinomoto

(MSG) food seasonings. Kagaku Kogyo (Jap.). 23 (10) : 1373.

4

S

.

Newman, A. J., H'eywood. R., Pélmer,vA. K. Barry, D. H., Edwards, F. P. and Worden,
A. N. 1973. The administration of MSG to neonatal -and pregnant rhesus monkeys.

Toxicol. ] : 197.

Nogaml I, Knda M., lijima, T. and Yoneda, M 1968. Part 1 : Derivation of guanosine

and inosine-producing mutants from a Bacillus strain. Agr. Biol. Chem. 32 (2) : 144

Nolan, A. 1983. Low sodium foods : Where are we headed? Food Eng. 5 : 95.

-

N

\\ .
Norton, K. B., Tressler, D. K. and Farkas&L D. 1952. The use of monosodium glutamate

in frozen foods. J. Food Tech. 2 (11) 405
e

Official Methods of Analysis:. 1980. 13th Edition. AOAC, Sections 20.189 and 20.191,

“ AOAC. Arlington VA.

Oeda, H. 1963. Monosodium glutamate. pp. 198 - 212. In : Amino Acids Encyclopedia of

Chemical Technology, 2nd Edition, Vol. 2. Kirk. Othmer -(Ed). John Wiley & Sons. -

New York.



135

LY
141. Official Method of Analysis 1980. 13th Editioh. AOAC, Section 31.037 and 31.038. AOAC,

Arlington VA '

i42. Ogura, M., Yoshida,' S. and Yoshino, H. 1979. Determination of organic acids i1 soy sauce
by high pressure liquid chromatography. Pa.rt 2: Acetic»a'cid, pyroglutamic acid and
a]chohol in soy sauce. Shoken (Jap.) 5 (5) ‘: 211. -
S o
143. Olney, J. W. and Sharpe, L. G. 1969. Brain lesions in an infant rhesus! monlgey treait:d

with monosodium glutamate. Science 166 : 386.

>

144. Olney, J. W. and Ho, O. L. 1970. Brain damage in infant mice following oral intake of

glutamate, aspartate or cysteine. Nature 227 : 609.

~

145. Olney, J. W. 1969. Brain lesions, obesity and other disturbarces in mice treated with MSG.

Science @ 719,

146. Orlowski, M. and Méister, A. 1971. Enzymology of pyrrolidone carboxylic acid. pp. 123 -
151. In : The Enzymes. Vol. 4, 3rd Edition. Boyer, P. D. (Ed) Academic Press, New
York.

14(7Q~3’xmcr ". ¥ . Lovell, M. R., Spicer, E. J. F. and Worden, A. N. 1975. The effect of
dic.. . 3" -ribonu-’ *n reproductive function over three generations in the rat.

Toxicol. 3 : 33.. -

148. Panzica,‘R. P., Rousseu, R. J., Robins, R. K. and Townsend, L. B. 1972. Study on the

@ . vy . . . . .
relative stability and quantitative approach to the reaction mechanism of the acid



149.

150.

151.

152.

153.

154.

155.

156.

136

AY

catalyzed hydrolysis of certain 7 and 9 8-D-ribof uranosylpuriﬁes. J. Am. Che.m. Soc.

94 :74708.

Parris, N., Plaumbo, S. A. and -Montrille, T. J. 1983. Evaluation of inosine
monophosphate and hypoxanthine as indicatprs of bacterial growth in stored red meat.
J. Food Protection 46 (7) : 614,

S

Powell, R. 1968. Monosodium glutamate and glutamic acid..Noyes development Corp.

‘ London.

Reynolds, W. A., Lemkey-Johnson, N., Filer, L. J. and Pitkin, R. M. 1971. Monosodium
glutamate Absenéé of hypothalamic lesions after ingestion by newborn primates.

Science 172 : 1342.,

Robert, V. S. 1971. A brief history of chromatographic methods_. Am. J. Pharm. Educ. 35

1 252.

Rogers, L. J. 1982. Teratological effects of glutamate on behaviour. J. Food Tech. in

Australia 34 (5) : 202,

Rogers, C. J., Mills, P. A. and Stewart, G. F. 1956. Incorporation and distribution of

monosodium glutamaté in chicken meat. Food. Tech. 10 (7) : 299.

1

Runser, D. J. (Ed) 1981. M;;intainirig and Troutgleshooting HPLC Systems. John Willey &

Sons, New Ydrk.

Sato, M., Ogawa, H. and Yamashita, S. 1971. Comparison of potentiating effect on



157

158

159

160

161

162

163

164

137

gustatory response by dissodium 2-methyl mercapto-S'-inos;nate with that by 5'-IMP.

J. Physiol. 21 : 669.

. Sato, M., Yamashita, S. and Ogawa, H. 1970. Potentiation of gustatory response q‘tfo
monsodium glutamate in rat chorda tympﬁni fibers by addition of 5'- ribonucleotides.

Jap. J. Physiol. 20 : 444,

3y

. Schaumburg, H. H., Byck, R., Gerstl, R. and Mashman, J. H. 1970. Monosodium L-
glutamate : Its pharmacology and role in the Chinese restaurant syndrome. Science 163

: 826

. Schmidt, G. and Colowickj, G. '(Eds). 1957. Method in Enzymology. Vol. 3. p. 775.

‘Academic. New York.
. Scott, R. P. W, (Ed). 1977. Liquid Chromatography Detectors. Elsevier, New York.

.”Semprini, M. E., Conti, ‘L., Ciofi-luzzatto, A. and Mariani, A, 1974. Effect of oral
administration of MSG on the hypothalamic arcuate region of rat snd mouse : A

Histological assay. Biomedicine 21 : 398.

. Sertl, D. C., Johnson, R. N. and Kho, B. T. 1981. An accurate,.specific HPLC method .

for the analysis of a decapeptide in a lactose matrix. J. Liquid Chromatogr. 4 : 1135.

. Shall;enberger, R. S., Pallesen, H. K. and Moyer, J. C. 1959. Formation of pﬁ’rrolidone te

carboxylic acid during ‘the production of beet puree. © Food Tech. 13 :92.

. Shallenberger, R. S. and Moyer, J. C. 1958. Off-flavor in processed crops. Relationship



138

between pyrrolidone carboxylic acid and off-flavor in beet puree. J. Agr. Food Chem.

6 (8) : 604.

165. Shank, F. R., Larsen, L., Scarbrough, F. E., Vanderveen, J. E. and Forbes, A. L. 1983.

FDA perspective on sodium. . Food Tech. 37 : 73.

166. Shapiio, R. and Danzig, M. 1973. Acidic hydrolysis of pyrimidine deoxyribonucleotides.

Biochem. et Biophys. Acta. 319 : 5.

167. Shapiro, R. and Danzig, M. 1972. Acidic hydrolysis of deoxycytidine and deoxyuridine
derivatives. The general mechanism of deoxyribonucleosides hydrolysis. Biochem. 1] :

J

23.

168. Shapiro, R. and Kong, S. 1969. Uncatalyzed hydrolysis of deoxyuridine, thymidine and
& 5-bromodeoxyuridine. Biochem. 8 : 1806. '

\

169. Shimazono, H. 1964. Distribution of 5'-ribonucleotides in foods and their appf\ication to

foods. Food Tech. 36 (3) : 294.

170. Singhal, R. P. 1973. Anion-exchange chromatography on reversed-phase colump.
Isolation and assay of nucleosides, nucleotides and oligonucleotides from nucleic aci&

and from cytoplasm. Biochemica. et Biophysica Acta. 319 : 11.

:171. Snyder, L. R. and Kirklahd, J. (Eds). 1979. Introduction to Modern Liquid

Chromatography. 2nd Edition Wiley - Interscience. New York.

172. Solms, J. and Wyler, R. 1979. Taste compnents of potatoes: In : Food Taste Chemistry.

B



139

Boudreau, J. C. (Ed). ACS Symposium. Series 115. American Chemical Society.

Washington D.C.

173. Sporns, P. 1982. Rapid high performance liquid chromatographic determination of

monosodium glutamate in food. J. Assoc. Off. Anal. Chem. 65 : 567.

174. Sporns, P. 1977. A Thesis of Doctor of Phildsophy. Dept. of Chemistry. The University

of Alberta. Edmonton, Alberta, Canada.

175. Stegink. L. D., Baker, G. L. and f-‘iler, L. J. 1983. Modulating effect of surtagen on
plasma glutamate concentration in humans ingesting monosodium L- glutamate. Am.

J. Clin. Nutr. 37 : 194, -

176. Stegink, L. D., Filer, L J. and Baker, G. L. 1983. Effect of carbohydrate on plasma and
erythrocyte glutamate levels in humans ingesting large doses of monosodium L-

glutamate in water. Am. J. Clin. Nutr. 37 : 961.

177. Stegink, L. Di., Bell, E. F., Daabees, T. T., Andersen, D. W, Zike, W_ L. an_d Filer, L. J.
1983. Factors influencing u'tilization of glycine, glutamate and aspartate 'in clinjcal
_products, pp. 123 - 146. 'ln : Amino Acids :-Metabolism and Medical Application.
Blackburn, G. L. Grant J. Young V. R. (Eds). Littleton, M. A., : Wright-PSG. |
Boston. |

' » |

178.'Stegink, L. D., Filer, L. J. and Baker, G. L., 1982. Effect of aspartame plus monosodium

L - glutamate ingestion on plasma and erythrocyte amino acid-levels in normal adult

subjects fed a high protein meal. Am. J. Clin. Nutr. 36 : 1145.



179.

180.

181.

182.

183.

184,

185.

186.

140
Stegink, L. D., Filer, L. J. and Baker, G. L. 1982. Plasma and erythrocyte amino acid

levels in normal aldult subjects fed a high protein meal with and without added

monosodium glutamate. J. Nutr, 112 ; 1953.

Stegink, L. D., Filer, L. J. and Baker, G. L. 1977. Effect of aspartame loading plasma

and erythrocyte free amino acid levels in normal adult volunteers. J. Nutr. 107 : 1837.

Stegink, L. D., Reynolds, W. A., Filer, L. J., Pitkin, R. M., Boaz, D P. and Brummel,
M. C. 1975. Monosodium glutafnate metabolism in the neonatal monkey. Am. J.

Physiol. 229 (1) : 246.

Stevenson, R. L. and Vickrey T. M. (Eds). 1983. UV-VIS Absorption Detectors for

" HPLCin Liquid Chromatography Detectors. Marcel Dekker. New York.

Takasaki, Y. 1978. Studies on brain lesions after administration of MSG to mice. II.

Absence of brain damage following administratipnh of MSG in the diet. Toxicol. 9 :

307.

Takasaki, Y. 1978. Studies on brain lesion by adminstration of MSG to mice. I. Brain

lesions in infant mice caused by administration of MSG. Toxicol. 9 : 293.

Tanaka, T., Saito, N., Okuhara, A. and Yokotsuka, T. 1969. Studies on the taste of
«-amino acids. IT : Ternary synergism of palatable taste of a-amino acids. Agr. Chem.

Soc. of Japan J.(Jap.) 43 (3) : 171.

Tatsuka, K., Makita, K. and Asano, S. 1978. Quantitative gas chromatograph& of -

monosodium glutamate in sea urchin as trimethylsilyl derivative. Okurasho Kanzei
1 .



187

188

189

190

191

192

193.

141

Chuo Bunsekijo [Reports of the Central Customs Laboratory, Ministry of Finance
(Japan)] 19 : 95.
' |
. TS'O Paul, O. P. 1974, Basic Principles in Nucleic Acid Chemistry. Vol. 1. P. O. P. TS'O

(Ed). Acadamic Press. New York.

: Undenfriend, S., Stein, S., Bohlen, P., Dairman, W., Leimgruber, W. and Weigele, M.
. 1972. Fluorescamine : A reagent for assay of amino acids, peptides, proteins and

-

_primary amines in the picomole range. Science 178 : 871.

e

- Van de Haar, G. and Cornet, J. P. 1982. The determination of food additives by ion - pair
liquia chroma:nography. pp. 59-63. In : Recent Developments in Food Analysis.
. Proceeding of Euro. Food Chem. Baltes, W., Credik Eysenberge, P.B. and

Plannhauser, W. (Eds). Weinhein. Dearfield Beach. Florida.

. Vanecek, G. and Regnier, F. E. 1982. Macroporous high-performance anion-exchange

supports for proteins. Anal. Biochem. 121 : 156.

. Van Nostrand's (Ed). 1983. Flavor enhancers and potentiators. pp. 1211-1212. In :

Scientific Encyclopedia. Wiley & Sons, New York.

. Walton, H. F. 1978. Ion exchange and liquid column chromatography. Anal. Chem. 50

t5) : 36R.

Walton, H. F. 1983. Ion-exchange chromatography pp. A225-A255. In
"Chromatography, Fundamentals and T&chniques. Heftmann E. (Ed). Elsevier

Scientific. New York.



142

194. Watanabe, E., Toyama, K., Kurube, I., Matsuska, H. and Suzuki, S. 1983, Enzyme sensor
for hypoxanthine and inosine determination in fish meat. Erop. J. Applied Microb.

Biotech. ( }in préss) .

195. Watanabe, E., Ando, K., Kurabe, I., Matsuoka, H. and Suzuki, S. 1983. Determination

of hypoxanthine in fish meat with an enzyme sensor. J. Food Science 48 : 496.

6«196' Watanabe, E., Toyama, K., Karube, 1., Matsuoka, H. and Suzuki, S. 1984. Determination

of inosine-5'-monophosphate in fish tissue with an enzyme sensor. J. Eood Science 49

: 114,

197. Wheals, B. B. 1979. Simple preparation of a bonded cation-exchange packing material and
its application to the separation of phenothiazines by high performance liquid

chromatography. J. Chromatogr. 177 : 263.

198. Williams, A. T. R. and Winfield, S. A. 1982. Determination of monosodium glutamate in
food using high-performance liquid chromatography and fluorescence detection.
Analyst. 107 : 1092.

199. Wilson,» H. and Cannon, R. K. 1937. The glutamic acid-pyrolidone-carboxylic acid

system. J. Biol. Cf;em. 199 : 309.

200. Wood R , Cumming, L. and Jupille, T. 1980. Recent developemems in ion- exchange

1

chrom‘atographv J. Chrom. Sci. 18 (10) : 551.

201. Wurtman, R. J. 1982. Nutrients that modify brain function. Sc. Amer. 4:50.



202.

204.

205.

206.

207.

208.

209,

143

Yamaguchi, S. and Takahashi, C. 1984. Interaction of monosodium glutamate and sodium/

chloride on saltiness and palatability of clear soup. J. Food Science 49 : 82.

. Yamaguchi, S. 1979. The umami taste. pp. 33 - 51. In : Food Taste Chemistry. Boudreau,

J. C. (Ed). ACS Symposium. Series 115. ACS, Washington. '

Yamaguchi, S., Yoshikauwa, T., Ikeda, S. and Ninomiya, T. 1971. Measurement of the
relative taste intensity of some L-a -amino acids and 5'-nucleotides. J. Food Science 36

: 846.

Yamaguchi, S. 1967. The synergistic taste effect of monosodium glutamate and disodium

5'-inosinate. J. Food Science 32 : 473.

Yamaguchi, S., Yoshikawa, T., Ikeda, S. and Ninomiya, T. 1968. Synergistic taste effects

of some new ribonucleotide derivatives. Agr. Biol. Chem. 32 (7) : 792.

Yamanishi, T. 1969. Determination of inosine-5'-monophosphate in dried bonito. pp.
136-139. In : Shokuhingaku Jikken [Food Science Experimenial Text Book

(Japanese)]. Sang);ozuko. Japan.

Yamashita, S., Ogawa, H. and Sato, M. 1973. The enhancing action of 5'- ribonucleotide
on rat gustatory nerve fiber response to monosodium glutamate. Jap. J. Physiol. Q' :

39.

Yoshida, S., Ogura, M. and Yoshino, H. 1981. Determination of oréam’c acids in soy sauce

-

by high pressure liquid chromatography. Part 3 . New detection system using pH
« 5



144

indicator for organic acids in soy sauce. Shoken (Jap.) 7 (5) : 225.

210. Yoshida, T. 1978. L-monosodium glutamate (MSG). pp.410-421. In : Amino Acids

(Survey). Encyclopeclia of Chemical Technology Vol. 10. Wiley & Sons. New York.

p
/
/

Ronion, R. D.. (Eds). 1980. Practical Liquid

k7 ie\Perkin - Elmer Corp.

_ guanosine and 7-methylguanosine‘ nucleosides in perchloric acid. J. Org. Chem. 37 :

. s Tt ‘ ﬂ« . v
212. Zoltewicz, J. A.-and Clark, D, F. 1972. KineéMs and mechanism of the hydrolysis of

1193.

213. Zoltewiez, J. A., Clark, D. F., Sharpless, T. W. and Grahe, G. 1970. Kinetics and
mechanism of the acid-catalyzed hydrolysis of some purine nucleosides. J Am, Chem.

Soc. 92 : 1741.



”m
AN
"P3PPE WUNOWE SB PIIIPISUOD S} UBD [01IUOI 3] U} PUNOJ JUNOWY,

16'9 . 9'61 (A4 §SL £L-Sp-1 6

s 144 _ (A4 §'SL TL-Sv-1 99 ,

4R 1'8C 06t SSL 1L-6p-1 1

(W) (W) Cwm W) - peskeus _ ageion
aufyuexodi{y suisouq v::& dNI +PIPPR dNI Jjduweg Jo seqg

€ /
¢’y Hd sjdweg | pauue) uo 381015 jo d(uotm
- I XIGN3ddY .



&

¢'v Hd adwes JWO pauue) uo IBrI0Ig Jo 1357 . . _ *

1l XIONTddV : . w

146



