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The Effects of TEMPO, NaBr and Temperature on the
Selective Oxidation of Primary Alcohol Groups in Corn Starch

Dong Soon Suh, Pahn Shick Chang* and Kwang-Ok Kim

Department of Foods and Nutrition, Ewha Womans University
*Department of Food Science and Technology, Seoul National Polytechnic University

The effects of TEMPO and NaBr concentration, and temperature on the selective oxidation of primary alcohol
groups in corn starch were examined. Reaction time decreased with the increased levels of TEMPO, NaBr and
temperature up to 1.7 mM and 100 mM per 100 mM anhydroglucose unit(AGU) and 14°C, respectively, and did
not change appreciably at the higher levels. Yield decreased with the increased NaBr levels and was not affected
TEMPO level and the temperature. NaBr level and temperature showed negative effects on the selectivity. But
the selectivity was not affected by NaBr level and temperature until 100 mM/100 mM AGU and 6°C. TEMPO

had no effect on the selectivity significantly.
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ARE o]8A UEhe FES Basly 1AL Y
A717]1 A3t ET18 2 3shd WA (modification)ol] tEH

A77E Bol olFolxth. HEe 38ty WAL oxH =3}

(esterification), °l|H|Z3}(etherification) & AF3koxidation) =
I 2 538 vk 93l glucose Woll = EF-E(alcohol)
719l F2E W oZH 71t Atdhe AR e ¢
FE7)E AE7(keto group)tt FFEE-2A 7] (carboxyl group)E
A7) dhge a0, Sexet WelE AN T3 e
7158 AEE AT A3l olgEo] @,

2rgh whg-2 AA B4 = A (non-specific) AF3}el A E1H
(specific) AF8} ¥H3-02 w4 QU}?, njde)d Jkel= A
ol 728478 FiRdr7E BE EYEe vkgog A
A E+= chlorine gas(Cly), sodium hypochiorite(NaOCl)
sodium bromide(NaBr)7} 7F o] A= 9lorn, 7g
calcium hypochiorite(CaCL,0,), hydroperoxide(H,0,), potassium
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permanganate(K,MnQO,), ammonium persulfate(H;N,O,S,) &
o] o] Y}y Udutxg o Z NaOClS ©|83le] HE-S
AT = 7S Coll fAE 13 E=ZgT] ¥ uF ol
C, C, B Coll 9IX3 27} ¢37|x Asteng S
Z9} glycosidic bond7} | =]o] ER}FFo] 7HAEA] HTHO.
ol wizt 43t H=rt AghE| AL 4Rsl whE-e] A5 Ao
T oF Y, kst Amu vkg A Eo] s XE v
o] A7 = AT,

ARl Adste 1A} E3&7]vle] HdElog AkslE| o
TIEEA7I7E EYEE 9o, ©
2 F27b fFAEHIL A
et A=rt w3 FYE Akt
Aol Ar}O. Hol| 23 L=l EAstel 13
g "o g ASAI7)7] S8t 2, 2, 6, 6-tetramethyl-1-
piperidine oxoammonium ion(TEMPO)°] *&0= AM-H o]
F0, o]Z g o]&g Atst WRld g Aol FkeHTh
De Nooy 5% TEMPO9} hypobromite @ NaOClZ A1)
AFEsle] =&2d(water soluble) ZHA} AE U9 13 &¢I
719hg BolH o A7) WS AR Z, Ak A
AEOA 1A} dIE7IA S AEEo] 95% o] As H
23Tl 3 Changs} Robyt'”%= TEMPO$S} NaBr& Zu
2 AMSIAL NaOCIZ ¥ HES AR A3, 12 ¢35
717b AAEBA7IZ AEEE AErF 100%E RS
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TEMPO - NaBr ¥ 2%

Iy ofAZEA] AEAY] wREY 2% 59 &7I0] ¥ A
ot 3lE 9 12 g7 Akt vehfis A
B A (selectivity) 53 72+ 2Fg} Wkg-of o A
;Q o7 Z/\}ﬁl- AT=
NaBro] Al€#AJo]| vjud
9o}, AAE X1} NaBre] =7 AeiA
3} Rk SAd vAs 9 =
12 ¥3E7)e] dstd e 13 ¢28717t 7]'
A7)12 %] AXH uonic acid®] FHEFoILt ZZHXV]-&"%‘
8% (nuclear magnetic resonance spectroscopy)e ©|-83 3
oke Zlo] 7hF ol olnh. eut thi o] A6 A]
U E7} e NaOHS ARFwoz 12} dxl&r|wre] 4k
3 A% Ao gHA 13k dasr]e] A ARg He
8] d&ekx] 23 EAZF AUt
W o1Rb daRervke
Hkg-o|4 TEMPO, NaBr %
1}5} Ao AHH Az 20&
AlFstazt stk ol & -r]o}‘ﬂ
22mM NaOClmM anhydroglucose unit
—s}z pHE 34 pHZ 4% 105~11.09) A}
2 AN 509, TEMPOQJr NaBro] ¥
& A3} ghAIZY, Blag g A
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Aldrlch Chemical Co.(Mllwaukee, W1, USA)-J Zﬂ?‘é‘,

NaBr2 Yakuri Pure Chemicals Co.(Osaka, Japan)2| #|&<,
228]3 NaOCl 8982 Junsei Chemical Co.(Tokyo, Japan)$]
AEE AREEIET 2 9] Al BF EFS AMESITH
NaOCI 29 L§ NaOCl| &% &3

A HE T 9JE NaOCl 882 NaOCle] $hako] A3
FonZ ARG AEAI7] Mol NaOCl g0l gH-iEo]

ok =z}

e NaOCle] ¥g =4sto], 22mM NaOC/mM AGU2]
FEoF A7) 913 NaOCl §949] 4& AFsot
NaOCl ##&2 ACAC Hyex ohgd 2ol 433
A NaOCl £ 20mLE 1,000 mLE 3]4{3le] o] &ofe]
A 50mLE F Z1el 0.IN arsenic trioxide(As,0,) &
A 50mL- el NaHCO,E A7ttt 28
1% 7}84 ZA|eko 7 ALSEle] 0.1 N 82&
%°“_i 2% 1‘4% 2ol 2lated NaOCl &-effol] Ei3)
£ NaOCl9| &

,
JJr

mL AHEE AsO, = mL 0.1 N As,0, — mL 0.1 N [,
1 mL 0.1 N As,0, = 0.003722 g NaOCl

A8l MEol M=
TEMPO®} NaBre] &% %

o= X T 2

hud

b 9% A A

P
T

of wpE g2 Aks) kg
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Table 1. Levels of TEMPO, NaBr, and temperature for the
preparation of oxidized corn starch

TEMPO concentration NaBr concentration

(mM/100 mM AGUP) (mM/100 mM AGU) ~ermperature(C)
03.10.17,24,3.1 60 2

10 20,60, 100, 140, 180 2

10 60 2,6.10, 14, 18

YAnhydroglucose unit

Lo HXE= 9FL ZASILAL, Table 13 7o) TEMPO,
NaBr 2 2% ZoA F /i8] FE& 244 44 *"Oi
I, e & AN £EE gElstdA] Absk A
Azt ot

Ak5} HEL Chang Robyte] WPE0E JXE mgsle] )
it = %ZF‘ZF AE 81g50mM AGU, whv, dry
weight basis):% ZF 500 mLoll BAMA d8dL A3

F, 7 2xoA X}*iél AN71E o] gste] WA,
d2ko] TEMPO % NaBr# 110 mMe] NaOClS F7Fslivt
whg-olo] pHE 4M HCE: ©o|§3ted 10.8% 233 ¥ Ak}
W3S Al FFslT) Aksl whgo] dojuwA THAEE pHE
N NaOH €92 37lsted A4 1082 FAlstitt. sk
o] pHE 108 ¥AI57] 918l AM&-¥ NaOH 50 mMe| t
A2259L o 10mLY ethanols H7Fsld whe-S FAAZ)
S, 4M HCIE Wkgdle] pHE 7.02.8 F3AZATE T44
—g— ool oA 2] 3ul(1,500 mL)7t =& ethanole 75t
§]—‘Q_ L MBS AAAT] 3?—, Whatman No. 41 o3}
kot ol3ste] 4bal AEE FEh 7] oA
mL-/] ethanol A7rsle] 10?:21’ AE3] ARl &
ARL %174 °EM°P AgL 33 BRI T} o]
dojzl &ﬁk £ 50°Ce] NFZQLENA 2447 Ax
%, 60 mesh T ‘iﬂe EaAlA dH /714 BRst
—fF— Mgl ALgEIGITE Ash AR Al WhHE
f.okste] VERYATH
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Fig.

Starch suspension

{
Addition of TEMPO, NaOCl, and NaBr
l
pH adjusted to 10.8 with 4 M HCI
!

Oxidation reaction
(pH maintained at 10.8 with 1 N NaOH)

i

Quenching reaction
with ethanol

Neutralization to pH 7.0 with 4 N HCl
|
Washing with ethanol and filtration
. .

Vacuum drying at 50C
Fig. 1. Flow diagram for oxidation of corn starch
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HE AlZtel &3

3} whgo] FIYEEA FAEE pHE 1082 LA )
FA87] Aste] NaOHE H7bslEz, whg AJZhe 1mM
AGUY 1 mM OH7} &H|He | B8 A|7tez 39}
&, AH-E S5 AR 13 4FL719 mole £ £
% mole <1 50 mM2| NaOH7} AHIHIAL w7lA] A Q)
= A A3

g @ ¥, 3sle] 4242
NRS) £ TheD 2ol YR,

F 35 % (dry weight basis)
sodium salt 3 <] polyglucuronic acid 50 mM<) T

X100

M &5

sk vk A AE WY 13 g3:eo)) slEBaste
2 A= o] polyglucuronic acid’t AAHE FEE Jehj=
MRS 2AFeE] 93t MBolM YAE polyglucuronic
acid®] S carbazole analysisS U A S wpHDo o
S743IATh 5 4M KOH &9 45mLol £4F 24742 &
AN F FTFTE olfdl 100mLE H-L3YT o] £
T 25mLE #Heta FAg AHEEle] 100mLE HL3 F
6mLE AT AFA F3l Azl WAL,
A7) 07mLe] AE £4(0.5mg/mLye F7Fsk, vortex
mixerl M 427 2E3] E943 F oA DLz Wzt
ANATE RS BE Bollr 208 9 7ldEle] Qgszo|
A BZAZ g, 0.1%(whv, absolute alcohol) carbazole
reagent 0.2 mLE Y1 vortex mixer® 2+ Eslc) o] &
FES T BE FolA 1087 7198ta dedzel o
AN F, A28 FYAA 530mmolH FF=E =233
Aot FFEE sodium glucuronateS AMEE ¥E ZAF A
asted 48} HEY glucuronic acid®] 3RS B EIiTh A
B3-S &4 AE W anhydroglucose unitsZHE A4 E
glucuronic acid®] TS WEEZ Yeh)c.

HA] 243 polyglucuronic acid®] moles
polyglucuronic acid®] moles(= 50 mM)

T B 2nE 2ty 4ksl ARE AzEEA vk A
g PSS B Ae BARAS AAET
AEZR] F9H2l 2o)E AZ=3] Yok Tukey studentized
range test(p<0.05)E HAFALH, A EHE SASPE
ARSI

=R it
TEMPOS| 57 S Fio| A5t #S0l Dzl st

NaBré] =9} £5& 27 60 mM/100 mM AGUSH 2°C
2 ZAPANZ ¥, TEMPOS| FEE W3lA7)HA 23} whe

Table 2. Means” of reaction time, yield, and selectivity for
oxidation of corn starch under the various levels of TEMPO

Levels of TEMPQ?
0.3 1.0 1.7 24 3.1

Reaction time(min) 197 140° 119° 101 944
Yield(%) 9040 91.11 9132 9166 9224
Selectivity(%) 9600 9777 9700 9529 94385

UN=2; Values for reaction time not sharing a superscript letter are
significantly different(p<0.05). Yield and selectivity were not
significantly different(p>0.05).

“mM/100 mM anhydroglucose unit. NaBr and temperature fixed at 60
mM/100 mM anhydroglucose unit and 2°C, respectively.

Constituents

‘d& Wit A3 Table 29 YeRAITE TEMPOS] &

N3 Wb A7k 2 FES mAd, =83 A9
de & 9% vAA Z3e o 5 Uk vk A7k
TEMPO?| =7t $7184E 74she Aoz Yeyton,
TEMPOS] F%7F 1.0 mM/100 mM AGUZFA] = ¥R A)7)o)
F43] ZAasHert, 1.7mM/100mM AGU )42 Hxd|
M BhE AZHe] B3 Axot H3) ghsled, f9Fe 2}
ol& Holx| A3ttt 18T A= 1.3 mM/100 mM AGUS
EE7H = TEMPOS| %8} methyl o-D-glucopyranoside<]
AHshg 7holl A A9l FA|(linear relationy’t Yris BTO
¢} TEMPO9] $%7} 1.0 mM/100 mM AGUZFAIE Aol 24
sh&o] EE&F o2 ZUlBlsion, o] o]F 9] FioAE A
g9 F7MEo] Atk B9 dxs= Age e
WAt AAH o 44 HEo) 28l WX TEMPOS)
EEE 1.7mM/100mM AGU °)oz FH7lshks AL nE
HYe & 5 Uk &S TEMPOY F=7t Z71gkdl
ot Frlete AR BYou #9404 Aole gt
TEMPO, NaBr 3! NaOCHe: ©]-&3 Abs} yhg-ojlA] 2159
ABHAlE TEMPOS] AHsl¥<] nitrosonium ion©]™, o]Zo] 1
Ap dFE7)d gk Aede Yellle Zlom dEA e,
o] A9 A AYAe TEMPOY ®x¢] wabd g2z el
2polE BolA] ¢kow, TEMPOY %7} 2.4 mM/100 mM
AGU o|F3RHx= 23] ot Zashe S ek
w2t TEMPOS] F=& Z7M7)E AL 9L o=
B S ¢ & AT

Hi o
>

p.
T
p

NaBr =7t S5 HEQ| A3} HIS0| 0|k st

TEMPO®] F=$F €52 1.0mM/100mM AGUS}H 2°C=2
2PN F, NaBre] %8 HIA7IEAM A3 kg B4
< 2R A3 Table 391 YERAQITE 818 A17HS NaBr
9] =7t UKl webd ZkAdle A4S VeI 60
mM/100 mM AGUZ}A| & NaBro] %7t 2713t wal w
& AZto] 43 ZAEHAOL}, 100 mM/100mM AGU ©]
Fo FRAAXE ¥ A1k A Arr) Eslele] o)A
¢l Xpo]E Holz] ¢ttt 0|23 AI= TEMPOS} NaOCI
Ho = 48l wbg-g A7l B9 wke-go] FAF] A,
TEMPO®| ¥%& ZA2AF]3 NaBre] BEE Zym7low
A FLE 48l 9882 ATk Anile S99 B9} &
AFe &g YERSI.



TEMPO * NaBr 2

Table 3. Means” of reaction time, yield, and selectivity for
oxidation of corn starch under the various levels of NaBr

= g whE MR Aks} kg 43

Table 4. Means” of reaction time, yield, and selectivity for
oxidation of corn starch under the various levels of temperature

) Levels of NaBr® Levels of temperature® (°C)
Constituents Constituents
20 60 100 140 180 2 6 10 14 18
Reaction time(min)  219° 140° 116° 100 93¢ Reaction time(min) ~ 149* 87° 55° 334 234
Yield(%) 92.27* 9L.11* 90.62° 9031> 89.98" Yield(%) 91.17°  91.22° 9140° 91.41° 9247
Selectivity(%) 9776  96.12® 96.96% 9449® 91.25° Selectivity(%) 98.07*° 98.40° 94.65° 9545 9431°

UN=2; Values within a row not sharing a superscript letter are
significantly different(p<0.05).

?mM/100 mM anhydroglucose unit. TEMPOQ and temperature fixed at
1.0 mM/100 mM anhydroglucose unit and 2°C, respectively.

NaBr¢] #X7t Z7hsel e} %PJX* o7 it
= s H?igt# 180 mM/100 mM AGU %94 90%
ofgle] W2 &8 ettt A= NaBr«l icﬂ Zz
7Vl kA Z%io}t S YT NaBre] §57t
100 mM/100 mM AGU7ZHAIE= AdAe] o2 zlolE B
o] 2tom, 140 mM/100 mM AGU HE%E Soxog
skl 95% ©)5te] ke YERIEE o] Azl= ujdEH
(non-selective) AFskA|¢]l NaBre] FE7} Z7tshd 11X ¢x
29 Melgde 74" Aolgkal o743k De Nooy 592 W
& S a3 ok ey o A4E A3t 100 mM/100

mM AGUZHAE NaBrel 557t Helyo) odake 74 g
S ¢ 5 YNk web AR 8 wrSol A NaBre
—

£ 100mM/100mM AGU o]de s Hrlehes Ze b
Ak ©E Hmu Melds ws B o vaeYs

2 o of

27t S5 M2l &Mst HE0| o

g 227t Aol A8l kel n)

#8ld TEMPO$} NaBre] 5%& 2zt 1.0mM3 60 mM/
100mM AGUE A7l & LE%

ZAI= Table 40 YERARATE uk-g
7ol wEbA Ak AgS UrEhH Atk 2°ColA 6°C7k

A LE7F 71wt Bkg Aj7ke] 43| Ao
, 14°C o] R E= 25 STl wWE uks Ajzie) f-94
QA zpolE EOW RUTE STt 2EFE WS A7)
e A2 257 =2 79 NaOCl9] £3 £=71 wh
A Frrstay) 53] 7; dvk Aol 227t o7kt
F7Fsldm i) A FER7F GA HH o] ke =
2 A7t S uﬂl'irﬁi A7y,

B 25 2~14°ColA = gl Afolzt gllem, 18°Cel
Al g0 ot Tukeke fé% el Sth A2 6°C
A= 9Hg 259 Y ¥4 gtom, 10°C o] FEEH

S7Hgl wEt fejFeg fashs Ae® dEh
o g 27t F7FEe| wel MelAo] gaske RS ¥
2 2%9A hypochloritet} hypobromite2} 72 hypohaliteoi]
o3k HiME A Abgte] whE-&o] FUlely] wjiEow Azt
OO 7R A3E TEMPOE o] 43t A9 A3} vt
< NaBrz}t NaOCloll 9J3t 22} &3&7)2] 4k8} ZAE o4
sled, B 0~2°CollA] Wkgo] o]Foixt}. o] 48 A3} 6°C
7= 22F Eagr)e] Aksrt FAE £ qlemz abkal A

i

PN=2; Values within a row not sharing a superscript letter are
significantly different(p<0.05).

ATEMPO and NaBr fixed at 1.0 and 60 mM/100 mM anhydroglucose
unit, respectively.

2ol AN vhe £xE 6.10°C o[HE & o] &
olglz A=, ko =z o gk A&AHL A+t o]
FELli=

o (e]3
I =

o] AF\A= TEMPOS NaBrel s % £%57) S
AE W 1z gEE71e] A9A Aks) kgl mAle o
2 18Kt TEMPOSE NaBr 2 £ %2] 47520 715
2k ¥k Ak AaEe A%S eItk TEMPO, NaBr
2 259 $:0] Zz 1.7 mM/I00 mM AGU, 100 mM/100
mM AGU T 14°C7HAE o)8e] 30| Zr)dte] ulel vt
S A7t FA3] BHEJOL, o] o]F e FEHEHE vE
AT} AQrr. 282 NaBre] 7520] Z7ighel wed 74
893, TEMPOS}t £5 = 80 2 4TS Fx &= A
o2 vbehdty, A4 NaBrel ¥Esh £x7h 7}
mM/100 mM AGUSF 6°C7HA= R 48] zpelE HolA] %
gkom o] o]%o] EHE] NaBr ¥ 257 S71g] uf
FolHo g sl e Vel
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