FOOD COLOR CHANGES

Preliminary Studies on the Fate of
Sugars and Amino Acids in Chips Made
from Fresh and Stored Potatoes 21 8\0

A study of the changes in sugars and nitrogenous constituents of unstored Red LaSoda
potatoes during chip frying revealed a loss of 67% of reducing sugar accompanied by @
loss of 52% of amino and amide nitrogen. However, when chips were made from potatoes
stored in the cold to increase the sugars se\ienfo'ld,lthe"décfes:tse-o{“‘réauéiﬁg sugar on frying
was 85%, with @ corresponding decrease of 85% in amino and amide nitrogen- The ratio
of the decrease in nitrogen fo reducing sugar Was 5 to 4 pmoles. Twenty-four free amino
acids and amides were identified and measured in these potatoes. ‘

IN ADDITION tO browning reactions browning possibilities. This single vari- The fresh potatoes and @he potatoes
catalyzed by enzymes and those due ety was used to develop techniques and to after storage Were, treated in the same
to caramelization, the most common determine a basis for future studies now manner. After being peeled 20 seconds

in an abrasion peeler, the potatoes were

browning reactions recognized in food in progress- Recently Furuholmen ¢t al. Turried i locuric  blender vith
technology are the carbonyl-amino reac- (3), on the basis of paper chromato- Ss‘llfgéfem 1:1(:(311;1 i;‘;;;; e the final ‘c on-
tions, including the reaction of reducing gsaphic }fesults, re:,ported the presence of  centration 70% by weight considering
sugars and other aldehydes and ketones nine amino acids 10 unnamed varietics of  the original water in the potatoes esti-
with amines, amino acids, peptides, and Florida potatoes. They state that this mated from the specific gravity measure-.
proteins. , limited number of acids might be due to ~ ment
Hodge (5), in his comprehensive 1€ varietal differences OF to cultural and With the blender at low speed, samples
view of the chemistry of pbrowning reac- environmental factors. were yvlthdrawn for direct solids’ fictcr-
tions in model systems, proposes & scheme minations by f:vaporatlon of moistures
of reactions which involves sugar-amine Experimenlal for .K]elqu‘lil nitrogen ana{zsm_, and fgr
condensation with subsequent Amadori R amino ack extraction. mino act
) ed LaSoda potatocs, freshly har- were extracted according to the method
“rea?rangement, follo.wed by sugar and vested in Florida, were purchased from a of Talley, Carter and Porter 10)
amino acid degradatlon,'aldol condensa- commercial source in April 1963- The  which also removed all of the sugar;
tion, and aldehyde-amine polymeriza- average specific gravity was determined present. Kjeldahl npitrogen, sugar, and
tion. and the per cent solids was estimated by amino acid determinations were run on
~ Anet and Reynolds (7) and Ingles and the Potato Chip Institute International these extracts. ’
Reynolds (6) gave further substance t0 (PCII) hydrometer method. Sampling Chips were prepared from the fresh
this hypothesis by the isolation of nu- was accomplished by placing the tubers and stored potatoes and analyzed in }\the
merous amino acid—sugar reaction prod- in nine rows of equal length graduated following ~manncr. All samples were
ucts from apricot and peach purées after from the largest tubers to the smallest. peeled for 20 se‘c9nds in an abrasion
several - onths’ storage at 10 cemaper After recording the weights of each row peeler. An electric chipping machine
d bel storag om tempera- (ca. 1200 grams), the nine samples were . was used to slice the tubers into chips
ture and below. These compounds ac-  placed in separate containers. Two 1 mm. thick. The chips were weighed.
counted for most of.the 619, decrease 1 samples were retained for analysis of and then fried at 350° F. for ca.
the free amino acids over the storage fresh potatoes and of chips made from minutes until dehydration was complete.
period. There was an accompanying fresh potatoes. The remaining samples The additional time for complete de-
~ decrease in reducing sugars of approxi- were stored at 36° F. for 53 days: At  hydration (double that of commercial
mately 30%- this time, two additional samples were practice) was necessary because of the
The solution to the problem of unde- withdrawn for analysis of stored potatoes high ratio of potato slices to frying oil
girable color development in potato and of chips made from s_tored potatoes. used in the basket-type fryer Som¢
chips, especiall “hose involving POTatoes Analyses on all samples included direct chips were inadvertently overfried. After
h 133 pl d Y < closel 1gnFl’< d total solids, total and extractable nitro- draining, the chip yield was determined.
eld in cold storage, 13 closely 1t edtoa  gen (by Kjeldahl), total and reducing An exact aliquot of macerated chips
knowledge of the reaction of the sugars — sugars by the ‘method of Spengler, Todt,  was made fat-free by Soxhlet extraction
and amino acids present at the time of and Scheuer (8), and amino acids by the with Skellysolve B.  The per cent solids
dehydration by heat. Therefore, this method of Spackman, Stein, and Moore was readily calculated from the extracted
study was undertaken to follow the 7 usingaPhoenix Model K-5000 amino material remaining. jeldahl 'a:nalyses
changes in the complex pattern of free acid analyzer. were run on this fat-free preparation an

amino acids, amides, total sugars, and
reducing sugars 2s affected by chiP -_—

Pf?ceS;Singa low temperature storage and Table L solids and Nitrogen Content of Red LaSoda Potatoes and Chips*®
chipping after storage. . .

Recentl harvested potatoes not sub- . % Total N

jected toy low tem egatures were Tre- ' ——,,%’so'hd’s”_‘ in Starting /M/4
J wired Only S tg . ot Sample _From sp. gr- Direct Material in extract Extractable
B ed ¢ th?’ QUEnCrR Y€° fgfs con-  presh potatoes 7.6 1.9 03238 ©0.2036 62.88
ormed to this requirement at the time.  Chips from fresh potatocs 17.63 17.61 0.3059 0.1858 60.74
Florida potatoes of the Red LaSoda  Stored potatoes 18.25 18.05 0.3343 0.2170 64.90
variety were used because of the ready Chips from stored potatoes 18.30 18.30 0.3590 0.1950 . 54.30
accumulation of reducing sugars by this o Calculated on fresh tuber basis.

variety during storage which accentuates ;
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¢ Chips made from stored Potatoes

Data are average of duplicate runs.
First series from long colump,

I unknown Peaks calculated as leucine €quivalents,

* Reported ag asparagine,

Table |1, Amino Acid Delerminaﬁon in Fresh and Stored Potato and Chip Extracts-
Fresh = " ¢ . ioreq Fresh Stored

Amino Acid Vol.®  Tubers Chips Fubers - Chipse Amino Acid Vol. Tubers Chips Tubers Chips¢
Unknownd 40 0.14 o, 53 0.86 0.34 Methionine 428 7.08 1.52 5.50 0. 00

42 0.25 0.41 0.47 0.33 Isoleucine 438 11.74 9.21 11.00 1.781
47 0.19 (.45 0.13 0.34 €ucine 450 4.78 2.89 6.18 0.59
55024 ofpsm 0 03 Vrosine 522 11.07 9.31 13332 145
68 0.13 .09 0.08 .14 Phenylalanine 532 12,49 6.09 9.32 0.8
74 0.00 0.900 0.09 0.09 Unknown 555 0.00 0.00 0.00 ¢.55
84 0.75 . 1.15 0.80 B-Alanine 588 1.85 1.01 2.05 0.74
Methionine sulfoxides 97 0.34 279 1.55 0.83 Unknown 90 0.00 0.00 0.00 9,97
partic acid 124 13,25 14.61 10.2¢6 3.53 nknown 105 0.00 0.00 0.00 0.62
€onine 133 7.62 3.87 8.84 0.79 nknown 135 0.00 0.00 0.00 ¢.07
erine 142 9.42 6.74 14.10 2.23 'y-Aminobutyric acid 179 29.99 13.51 39.82 367
i Afsg;g;x: 155 18625 59.62 141.11 10.1¢ Ornithine 190 0.42 0.29 1.13  0.28
Unknown 160 1.41 9.9 0.33 0.00 Ethanolamine 218 0.00 0.00 0.50 0.00
oline 191 5.43 4.83 6.00 1.03 mmonia 225 23.45 39.80 34.38 28, 62
Glutamic acid 205 21 .82 3 .85 19.66 0.67 ysine 252 13.21 6.03 12.67 0.69
Glycine 245 5.16 3.38 4.86 0.82 nknown 290 0.00 0.00 0.00 0.13
Alanine : 260 12,44 9.05 22 70 4.96 istidine 310 6.06 2.21 4.53  0.19
Unknown 289 0.52 0.8p 0.45 0.00 nknown 340 0.00 0.00 0.00 1.21
Valine 318 27.14 17.90 26.45 3.98 Unknown 362 3.19 1.71 2.37  0.58
Unknown 4 buff, change 399 0.39  0.25 0.66 0.72 Arginine 590 28.02 15.31 19.21 321
Unknown 395 0.00 0,08 0.00 0.00 Total, ymoles 446.17 239 45 421.95 77.41
Total ymoles of N/g. dry wt. (adjusted for multiple N compounds) 742.50 355, 74 643,55 98.68

Second serjeg from basjc column,

samples equivalent © 50.0 grams fresh
weight of Pbotato were
€xtraction of amino acids,

in 500.0-m], aqueous alcohg] solutions
containing at Jeast 20% alcohol.
acids were determined by  vacuum-
concentrating an aliquot ¢ dryness—

ml. for the acig and neutral amine
acids, 10.0 m]. for the bagic ones—and
redissolving in 1.( ml. of pH 2.5 sodium
citrate buffer, This sample size gaye
optimum peaks on the automatic
analyzer and the results could pe directly
fquated to 0.5 gpq 1.0 8ram, respec-
tively, of fresh weight of Ppotato.

Results and Discussion

There was 5 slight loss of weight in the
tubers

previously reported .
tion of results on original potatoes and on
chips made from similar potatoes would
be coincidence, Tubers in any given lot
are not exactly similar composition
and vary within [imits from each other.
The results of the amino acid deter.
minations are reported
Several unknown peaks are listeq and are

Of the broad Spectrum of 24 identified
amino compounds reported it is probable
that only some of the decreages in the
individua] constituents aftep frying are

methionine during frying and subsequent
sample Preparation. The complete Josg
of methionine in the chips. made from
stored Potatoes, however, cannot be zc-
counted for by 5 corresponding yielq of
the sulfoxides, The amides, asparagine
and glutamine, do Dot separate on the
analyzer column; therefore, the total of
these was reported as asparagine,

conditiong 3 259 loss is normal. Both
amides, however, were sharply reduceq
in the frying process. It was suspected
that this, in part, was due to cyclization

acid (77). These compounds, being in-
active to ninhydrin, were not measured.
In general, the conversion of the fresh

amounted o 52.19,
nitrogen (see Table IIT). There was an
accompanying decrease of 66.6% of re-
ducing sugars, with no significant change
In sucrose (see Table 1V).

During the Storage period to increase
the ‘sugar content the apparent in-

amino
acids were apparent. Increages in the
peaks for proline, alanine, Y-amino-
butyric acid, and ammonia may pe
significant,

When the stored potatoes were con-,
verted into frieq chips, the tota] nitrogen \
remained stable, while the €xtractable
nitrogen wag slightly lower (11.4%).



Table lil.
N (Kjeldahl)
/.zmoles/g.~ %% loss on

Sample dry wt. frying
Fresh potato extract 812.1
Fresh chip extract 741.0 8.8
Stored potato extract 858.7
Stored chip extract® 761.1 11.4

[Free Amino Acic TP -2 —

Fate of Extractable Potato Nitrogen Due to Frying

Free Amino Acid Nitrogen® )
% N (Kjeldahl) - )

Recovery, € :
pmoles/g- % loss on as Free Amino Acids
dry wt. frying Recov. Loss
742.50 91.4 8.6
355.74 52.1 48.0 52.0
643.55 74.8 25.2
98.68 84.7 12.9 87.1

o Also includes amides and unknown peaks on analyzer.
» Extract of chips made from stored potatoes.

_ Table IV.
Sucrose
Ma./g- P loss
Sample dry wt. on frying
Fresh potato extract 13.43
Fresh chip extract 13.15 2.0
Stored potato extract 70.58
Stored chip extract? 64.37 8.8

a As fructose.

Fate of Potato Sugars Due to Frying

Reducing Sugars®

Mg./g. “pmoles/g. % loss
dry wt. dry wt. on frying
9.73 54.01
3.25 18.04 66.6
91.13 505.83
13.42 74.49 85.3

b Extract of chips made from stored potatoes.

and amide nitrogen, accompanied by a
loss of 85.3% of the reducing sugars,
with less than 2 9.09, decrease in sucrose.
© The actual ratio of the decrease in nitro-
gen to reducing sugar (as fructose) was in

the order of 5 to 4 pmoles, rcspectively,

per gram of dry weight of potato. The

quantity of this nitrogen which com-

bined directly with reducing sugars isnot

l{nown. However, if we assume uniform
osses of nitrogen from hydrolysis, cycliza-
don, oxidation, €tC-, in the analysis of the
potatoes and chips both before and after
storage, the increase in reducing sugars
on storage appears to be responsible for
the additional 339, decrease in nitrog-
enous constituents when chips from
these potatoes are fried.
Weast and Mackinney (13), working
with a dark pigment from dried apricots
stored for several years, indicated the

combination of 1 mole of amino acid
with 3 moles of sugar. It is commonly
acknowledged, however, that in brown-
ing reactions, at least in those occurring
in fruit, additional forces come into play-
Haas and Stadtman (4) show that or-
ganic acids are involved, in addition to
sugars and amino acids. The picture
becomes more complex when 2 product
such as the potato is subjected 0 frying
at high temperatures which probably in-
crease the speed and amplitude of the
formation of the browning products.
Finally, the amino acid analysis of
these potatocs confirms the presence o
the amino acids found in Florida potatoes
by Furuholmen ¢t al. (3). Furthermore,
the more sensitive analytical procedures
employed revealed that these potatoes,
qualitatively, contain the same full
spectrum of amino acids found in po-

tatoes grown in other areas of the country
(9, 70, 72); however, some quantitative
differences are present.
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