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∫∑§—¥¬àÕ
Õ–ø≈“∑Õ°´‘π∫’Àπ÷Ëß (Aflatoxin B

1
, AFB

1
) ‡ªìπ‡¡·∑∫Õ‰≈µå∑’Ë √â“ß‚¥¬‡™◊ÈÕ√“ Aspergillus flavus ·≈–

Aspergillus Parasiticus  π—∫‡ªìπ “√æ‘…∑’Ë¡’Õ—πµ√“¬µàÕ√à“ß°“¬Õ¬à“ß¡“°À“°‰¥â√—∫‡¢â“‰ªÕ¬à“ßµàÕ‡π◊ËÕß·≈–‡ªìπ‡«≈“π“π
„π¢â“«‚æ¥·≈–∂—Ë«≈‘ ß∫¥¡—°¡’°“√ªπ‡ªóôÕπ¢Õß “√æ‘…π’ÈÕ¬Ÿà‡ ¡Õ·≈–‰¡àÕ“®À≈’°‡≈’Ë¬ß°“√‡°‘¥ “√æ‘…‰¥â °“√π”·∫∫
®”≈Õß√–∫∫∑“ß‡¥‘πÕ“À“√„πÀ≈Õ¥∑¥≈Õß (in vitro digestion) ¡“„™â‡æ◊ËÕ°“√ª√–‡¡‘π°“√ª≈¥ª≈àÕ¬ (bioaccessibility)
 “√æ‘…¢Õß‡™◊ÈÕ√“®“°Õ“À“√π—Èπ∑”„Àâ∑√“∫∂÷ßª√‘¡“≥¢Õß AFB

1
 ∑’Ë∂Ÿ°ª≈¥ª≈àÕ¬ÕÕ°®“°¢â“«‚æ¥·≈–∂—Ë«≈‘ ß ·≈–„™â

Trifluoroacetic acid ∑”Õπÿæ—π∏å°—∫ AFB
1
 ‡æ◊ËÕÀ“ª√‘¡“≥¥â«¬‡§√◊ËÕß HPLC-fluorescent detector º≈°“√»÷°…“æ∫«à“

ª√‘¡“≥°“√ª≈¥ª≈àÕ¬ AFB
1
  Ÿà°√–‡æ“–Õ“À“√·≈–≈”‰ â à«πµâπ (chyme) π—Èπ —¡æ—π∏å°—∫ª√‘¡“≥¢Õß AFB

1
  ∑’Ë¡’Õ¬Ÿà

„π¢â“«‚æ¥·≈–∂—Ë«≈‘ ß∫¥ ·≈–¬—ßæ∫«à“°“√ª≈¥ª≈àÕ¬¢Õß AFB
1
 „π¢â“«‚æ¥·≈–∂—Ë«≈‘ ß∫¥π—Èπ¡“°∂÷ß√âÕ¬≈– 95  ”À√—∫

„π¢â“«‚æ¥·≈–√âÕ¬≈– 94 „π∂—Ë«≈‘ ß  À“°√—∫ª√–∑“π¢â“«‚æ¥·≈–∂—Ë«≈‘ ß∫¥∑’Ë¡’°“√ªπ‡ªóôÕπ‡¢â“‰ª®–¡’°“√ª≈¥ª≈àÕ¬ “√
AFB

1
 ÕÕ°¡“ ŸàÕ“À“√„π°√–‡æ“–Õ“À“√·≈–≈”‰ â à«πµâπ Õ—ππ”‰ª Ÿà°“√∂Ÿ°¥Ÿ¥´÷¡‡¢â“ Ÿà√à“ß°“¬·≈–°àÕ„Àâ‡°‘¥Õ—πµ√“¬

µàÕ ÿ¢¿“æ„π∑’Ë ÿ¥ ‚¥¬ª√‘¡“≥¢Õß “√ AFB
1
 ∑’Ë∂Ÿ°ª≈¥ª≈àÕ¬ÕÕ°¡“π—ÈπÕ“®∂◊Õ‰¥â«à“‡ªìπª√‘¡“≥¢Õß°“√‰¥â√—∫ —¡º— 

°—∫ “√ AFB
1
 ®“°°“√√—∫ª√–∑“π‰¥â‚¥¬µ√ß ·≈–®–‡ªìπª√–‚¬™πåÕ¬à“ß¡“°À“°π”¡“ª√–¬ÿ°µå„™â„π°√–∫«π°“√ª√–‡¡‘π

§«“¡‡ ’Ë¬ß°“√‰¥â√—∫ —¡º— ®“° “√ AFB
1

§” ”§—≠:  Õ–ø≈“∑Õ°´‘π∫’Àπ÷Ëß  °“√À“ª√‘¡“≥ª≈¥ª≈àÕ¬‚¥¬™’««‘∏’  ·∫∫®”≈Õß√–∫∫∑“ß‡¥‘πÕ“À“√„πÀ≈Õ¥∑¥≈Õß
«“√ “√‡¿ —™»“ µ√åÕ’ “π 2552; 5(2): 108-113

Abstract
Aflatoxin B

1
 (AFB

1
) is a secondary metabolite produced principally by Aspergillus flavus and Aspergillus

Parasiticus. This toxin represents a significant health hazard for those exposed to it continually for a prolonged



Bioaccessibility of Aflatoxin B
1
 in Grinded Corn and Peanut by in vitro Digestion Model 109

period. Aflatoxigenic molds are commonly found in corn and peanuts, and under certain conditions aflatoxins will
be formed. In vitro digestion is a method that has been used to estimate the bioaccessibility of chemicals
and contaminants in foods. An in vitro digestion experiment was carried out in this study to analyze the
bioaccessibility of AFB

1
 in grinded corn and peanut. Trifluoroacetic acid-derivatized AFB

1
 was measured using

a HPLC-fluorescent detector. Results indicated that the bioaccessibility of AFB
1
 in grinded corn and peanut was

relatively high at 95% 94%, respectively. When AFB
1
-contaminated grinded corn and peanut are ingested,

most of the AFB
1
 will be dissolved into chyme, with this strongly influencing the bioavailability of AFB

1
 in humans.

This may have important implications on dietary exposure. Findings from the current study could be applied to
improve risk assessment of ingested AFB

1
.

Keywords :  AFB
1
, bioaccessibility, in vitro digestion
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∫∑π”
Aflatoxin B1 (AFB

1
)  √â“ß®“°‡™◊ÈÕ√“ Aspergillus

flavus ·≈– A.Parasiticus ́ ÷Ëß‡ªìπ°≈ÿà¡ “√∑’Ë¡’§«“¡ “¡“√∂
„π°“√°àÕ¡–‡√Áß °àÕ°“√°≈“¬æ—π∏ÿå ·≈– àßº≈Õ—πµ√“¬µàÕ
 ÿ¢¿“æ¢Õß§π·≈– —µ«å∑’Ë∫√‘‚¿§ “√æ‘…®“°‡™◊ÈÕ√“π’È ‡™àπ
°“√‡°‘¥‚√§ aflatoxicosis ·≈–°“√‡°‘¥¡–‡√Áßµ—∫ ‡ªìπµâπ
ªí®®ÿ∫—π International Agency for Research on Cancer
(IARC) ‰¥â®—¥„Àâ AFB

1
 Õ¬Ÿà„π Class 1 ∑’Ë∂◊Õ«à“‡ªìπ

 “√∑’Ë “¡“√∂°àÕ„Àâ‡°‘¥¡–‡√Áß‰¥â  ¥â«¬‡Àµÿπ’È®÷ß¡’ºŸâ»÷°…“
∂÷ß«‘∏’°“√≈¥§«“¡‡ªìπæ‘…À√◊Õ≈¥ª√‘¡“≥°“√‰¥â√—∫ AFB

1

°“√À“ª√‘¡“≥ª≈¥ª≈àÕ¬‚¥¬™’««‘∏’ (bioacces-
sibility) ‡ªìπ°“√»÷°…“∂÷ß§«“¡ “¡“√∂„π°“√ª≈¥ª≈àÕ¬
¢Õß “√ªπ‡ªóôÕπÕÕ°®“° matrix „¥Ê (Õ“À“√, ¥‘π, œ≈œ)
„π∑“ß‡¥‘πÕ“À“√ ‚¥¬„™â·∫∫®”≈Õß√–∫∫∑“ß‡¥‘πÕ“À“√
„πÀ≈Õ¥∑¥≈Õß (in vitro digestion) ∑’Ë‡ªìπ°“√ª√–¬ÿ°µå
·≈–‡≈’¬π·∫∫√–∫∫∑“ß‡¥‘πÕ“À“√¢Õß¡πÿ…¬å  ®÷ß∂Ÿ°π”
¡“„™â‚¥¬®–„Àâ§«“¡ ”§—≠µàÕ√–∫∫∑“ß‡¥‘πÕ“À“√∑’Ë
‡°’Ë¬«¢âÕß°—∫°“√¬àÕ¬ ·≈–°“√¥Ÿ¥´÷¡ “√Õ“À“√ Õ«—¬«–
∑’Ë∂Ÿ°‡≈’¬π·∫∫„π·∫∫®”≈Õßπ’È §◊Õ ª“° °√–‡æ“–Õ“À“√
·≈–≈”‰ â‡≈Á°  ·∫∫®”≈Õß√–∫∫∑“ß‡¥‘πÕ“À“√„πÀ≈Õ¥
∑¥≈Õßπ’È®–‡≈’¬π·∫∫∑—Èß∑’Ë‡ªìπ à«π¢Õß‡À≈«µà“ßÊ ∑’ËÕ¬Ÿà„π
·µà≈–Õ«—¬«– ‡™àπ πÈ”≈“¬ πÈ”¬àÕ¬ §à“§«“¡‡ªìπ°√¥-¥à“ß
·≈–√–¬–‡«≈“∑’ËÕ“À“√Õ¬Ÿà„π·µà≈–Õ«—¬«– ∑’Ë¡’°“√»÷°…“
Õ¬à“ß°«â“ß¢«“ß ‚¥¬¡—°∑”°“√»÷°…“∂÷ß°“√ª≈¥ª≈àÕ¬
¢Õß “√Õ—πµ√“¬µà“ßÊ ∑’Ë¡’Õ¬Ÿà„π¥‘π  ‡™àπ °“√»÷°…“¢Õß
Oomen et al. (2003) ‰¥âæ—≤π“ in vitro digestion
 ”À√—∫°“√ª√–‡¡‘π∂÷ß°“√ª≈¥ª≈àÕ¬¢Õß “√ªπ‡ªóôÕπ
„π¥‘π Chan et al. (2007) ∑”°“√»÷°…“∂÷ß™’«Õπÿ‡§√“–Àå

(bioavailability) ·≈–°“√ª≈¥ª≈àÕ¬¢Õß·§¥‡¡’¬¡ ‚¥¬
°“√„™â in vitro digestion ·≈–°“√‡§≈◊ËÕπ∑’Ë¢Õß “√ºà“π
ºπ—ß≈”‰ â‡≈Á° (intestinal epithelial monolayers) πÕ°®“°
°“√»÷°…“∂÷ß°“√ª≈¥ª≈àÕ¬ “√µà“ßÊ ®“°¥‘π·≈â«¬—ß¡’°“√
π”‰ª„™â°—∫°“√ª≈¥ª≈àÕ¬ “√µà“ßÊ ∑—Èß∑’Ë¡’ª√–‚¬™πå
·≈–¡’Õ—πµ√“¬µàÕ√à“ß°“¬„πÕ“À“√¥â«¬ ‡™àπ Xing et al.
(2008) »÷°…“°“√ª≈¥ª≈àÕ¬¢Õß polychlorinated
biphenyls „πª≈“πÈ”®◊¥·≈–º—°¥â«¬ in vitro digestion
·≈– Liu et al. (2004) ∑”°“√ª√–‡¡‘π™’«Õπÿ‡§√“–Àå¢Õß
carotenoid „πÕ“À“√ ‚¥¬ª√–¬ÿ°µå in vitro digestion
√à«¡°—∫·∫∫®”≈Õß°“√‡§≈◊ËÕπ∑’Ë¢Õß “√ºà“πºπ—ß ”‰ â‡≈Á°
(Caco-2) ·µà°≈—∫æ∫«à“°“√»÷°…“∂÷ß°“√ª≈¥ª≈àÕ¬ “√
AFB

1
 ‚¥¬„™â in vitro digestion ∑’ËÕ∏‘∫“¬∂÷ß°“√ª≈¥ª≈àÕ¬

 “√æ‘…®“°‡™◊ÈÕ√“„πÕ“À“√‰¥âπ—Èπ¡’‡æ’¬ß°“√»÷°…“‡¥’¬«
‡∑à“π—Èπ‚¥¬ Versantvoort et al. (2005)  ‰¥âπ” in vitro
digestion ¡“„™â‡æ◊ËÕª√–‡¡‘π∂÷ß°“√ª≈¥ª≈àÕ¬ “√æ‘…
AFB

1
 ·≈– ochratoxin ®“°Õ“À“√

¥—ßπ—Èπ°“√»÷°…“„π§√—È ßπ’È ®÷ ß‰¥âπ” in vitro
digestion ∑’Ë “¡“√∂§“¥°“√≥å∂÷ßª√‘¡“≥°“√√—∫ —¡º— °—∫
AFB

1 
‰¥âÕ¬à“ß∂Ÿ°µâÕß ®“°§«“¡ “¡“√∂„π°“√ª≈¥ª≈àÕ¬

AFB
1 
®“°¢â“«‚æ¥·≈–∂—Ë«≈‘ ß∫¥ ‡æ◊ËÕπ”‰ª‡ªìπ·π«∑“ß

„π°“√ªÑÕß°—π°“√‰¥â√—∫ —¡º— °—∫ AFB
1 

∑’Ëªπ‡ªóôÕπ¡“
°—∫Õ“À“√

«‘∏’¥”‡π‘π°“√«‘®—¬
Õÿª°√≥å·≈– “√‡§¡’

 “√¡“µ√∞“π aflatoxin B
1
 (Sigma A6636,

068K4002), a-amylase (Sigma A3176, 058K0724),
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bile (Sigma B8631, 037K0196), pepsin (Sigma-
Aldrich P7000, 077K0661), pancreatin (Sigma-
Aldrich P1625, 017K1291), Trifluoroacetic
acid (TFA) (Fluka 91700, 62540 34306C01),
methanol (HPLC grade, LabScan), acetonitrile (HPLC
grade, LabScan), Sep-Pak C18 cartridge (500 mg/
3 mL) (Water WAT020805, 029138144A)

°“√‡µ√’¬¡µ—«Õ¬à“ß¢â“«‚æ¥·≈–∂—Ë«≈‘ ß

µ√«® Õ∫µ—«Õ¬à“ß∑—Èß 2 ™π‘¥ §◊Õ ¢â“«‚æ¥ ·≈–
∂—Ë«≈‘ ß ‰¡à„Àâ¡’°“√ªπ‡ªóôÕπ¢Õß AFB

1
 ‚¥¬°“√„™â· ß

Õ—≈µ√“‰«‚Õ‡≈µ §—¥µ—«Õ¬à“ß∑’Ë¡’°“√‡√◊Õß· ß ’øÑ“ÕÕ° ®“°
π—Èππ”¢â“«‚æ¥‰ªµâ¡®π ÿ° ‡ªìπ‡«≈“ 15 mins À≈—ßπÈ”
‡¥◊Õ¥ Ω“π·≈–™—Ëß„Àâ‰¥â 750 g  ”À√—∫∂—Ë«≈‘ ß π”∂—Ë«≈‘ ß
750 g §—Ë«®π ÿ° ·≈â«π”‰ª∫¥„ÀâæÕ≈–‡Õ’¬¥ ‡°Á∫
µ—«Õ¬à“ß∑’ËÕÿ≥À¿Ÿ¡‘ -20oC ®π°«à“®–π”¡“∑”°“√∑¥≈Õß

°“√∑¥ Õ∫°“√ª≈¥ª≈àÕ¬ AFB1 ‚¥¬„™â·∫∫®”≈Õß

√–∫∫∑“ß‡¥‘πÕ“À“√„πÀ≈Õ¥∑¥≈Õß (in vitro

digestion)

‡µ√’¬¡ “√≈–≈“¬ ”À√—∫°“√∑¥≈Õß in vitro
digestion  (Dziki et al., 2009)

πÈ”≈“¬‡∑’¬¡  ª√–°Õ∫¥â«¬ Na
2
HPO

4
 2.38 g

‡µ‘¡ KH
2
PO

4
 0.19 g ·≈– NaCl 8 g „ππÈ” 1000 mL

ª√—∫„Àâ¡’§à“ pH ∑’Ë 6.75 ®“°π—Èπ‡µ‘¡¥â«¬ α-amylase
200 U

πÈ”¬àÕ¬‡∑’¬¡„π à«π¢Õß°√–‡æ“–Õ“À“√  ª√–°Õ∫
¥â«¬ pepsin 3.2 g °—∫ NaCl 2 g ·≈â«π”‰ª≈–≈“¬
„π°√¥‰Œ‚¥√§≈Õ√‘° 7 mL ·≈–ª√—∫ª√‘¡“µ√§√∫ 1000
mL ¥â«¬πÈ” ·≈â«ª√—∫§à“ pH ¢Õß “√≈–≈“¬‡ªìπ 1.2

πÈ”¬àÕ¬‡∑’¬¡„π à«π¢Õß≈”‰ â‡≈Á°  ª√–°Õ∫¥â«¬
KH

2
PO

4
 6.8 g ≈–≈“¬„ππÈ” 250 mL ‡µ‘¡¥â«¬ 0.2 N

NaOH 77 mL ‡µ‘¡πÈ” 500 mL ®“°π—Èπ„ à pancreatin
10 g ª√—∫ª√‘¡“µ√§√∫ 1000 mL ¥â«¬ 0.2 N NaOH
·≈â«ª√—∫ “√≈–≈“¬„Àâ¡’§à“ pH ª√–¡“≥ 6.8+0.1

πÈ”¥’‡∑’¬¡ ª√–°Õ∫¥â«¬ bile 0.45 g ≈–≈“¬„π
0.1 M NaHCO

3
  37.5 mL

°“√‡µ√’¬¡µ—«Õ¬à“ß ”À√—∫°“√«‘‡§√“–Àå

‡°Á∫πÈ”¬àÕ¬‡∑’¬¡‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 37+2 oC √–À«à“ß
°“√»÷°…“®–µâÕß§«∫§ÿ¡„ÀâÕÿ≥À¿Ÿ¡‘Õ¬Ÿà∑’Ë 37+2 oC „π√Ÿª

∑’Ë 1 ‡ªìπ°“√ √ÿª¢—ÈπµÕπ„π°“√∑¥ Õ∫°“√ª≈¥ª≈àÕ¬
AFB

1
 ‚¥¬π”µ—«Õ¬à“ß¢â“«‚æ¥·≈–∂—Ë«≈‘ ß∫¥¡“Õ¬à“ß≈–

5 g §≈ÿ°‡§≈â“¥â«¬ AFB
1
 5 §«“¡‡¢â¡¢âπ §◊Õ 5, 10, 20,

50 ·≈– 100 ng/5 g ®“°π—Èππ”µ—«Õ¬à“ß∑—Èß¢â“«‚æ¥
·≈–∂—Ë«≈‘ ß∑’Ë§≈ÿ°‡§≈â“°—∫ AFB

1
 ·≈â«‡µ‘¡πÈ”≈“¬‡∑’¬¡

9 mL „πµ—«Õ¬à“ß ·≈–º ¡§≈ÿ°‡§≈â“¥â«¬‡§√◊ËÕß‡¢¬à“·∫∫
§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘π“π 5 mins ‡µ‘¡πÈ”¬àÕ¬‡∑’¬¡„π à«π
¢Õß°√–‡æ“–Õ“À“√ 13.5 mL ·≈–º ¡§≈ÿ°‡§≈â“¥â«¬
‡§√◊ËÕß‡¢¬à“·∫∫§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘‡ªìπ‡«≈“ 2 hrs ‚¥¬„Àâ
 “√≈–≈“¬¡’§à“ pH 1.2 ‡µ‘¡πÈ”¬àÕ¬‡∑’¬¡„π à«π¢Õß
≈”‰ â‡≈Á° 27 mL ·≈–πÈ”¥’ 9 mL º ¡§≈ÿ°‡§≈â“¥â«¬
‡§√◊ËÕß‡¢¬à“·∫∫§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ ‡ªìπ‡«≈“ 2 hrs ‚¥¬„Àâ
§à“ pH ‡ªìπ¢Õß chyme >5.5 π”À≈Õ¥∑¥≈Õß‰ªªíòπ‡À«’Ë¬ß
¥â«¬‡§√◊ËÕßªíòπ‡À«’Ë¬ß¥â«¬§«“¡‡√Á« Ÿß‡ªìπ‡«≈“ 5 π“∑’
∑’Ë 2,750 rpm ‡æ◊ËÕ·¬°√–À«à“ß chyme (supernatant)
·≈– pellet (Oomen et al., 2004) π” chyme 50 mL
°√Õß¥â«¬°√–¥“…°√Õß Whatman No.1 ‡æ◊ËÕ«‘‡§√“–Àå
À“ª√‘¡“≥ AFB

1

°“√µ√«®«‘‡§√“–Àå‡æ◊ËÕÀ“ª√‘¡“≥  AFB
1
 ®“° chyme

π” “√≈–≈“¬∑’Ëºà“π°“√°√Õß¡“∑”„Àâ∫√‘ ÿ∑∏‘Ï¥â«¬
«‘∏’ solid phase extraction (SPE)  ‚¥¬‡µ‘¡‡¡∑“πÕ≈
5 mL ·≈– 8% acetonitrile 5 mL „πÀ≈Õ¥„ à¢Õß‡À≈«
∑”´È” 2 §√—Èß ·≈–µâÕß‰¡à∑”„ÀâÀ≈Õ¥„ à¢Õß‡À≈«·Àâß„π
√–À«à“ß«‘‡§√“–Àå ®“°π—Èπ‡µ‘¡µ—«Õ¬à“ß (5 mL) „πÀ≈Õ¥
„ à¢Õß‡À≈«‚¥¬„Àâ¡’ª√‘¡“µ√¢Õß “√¡“°∂÷ß 2 „π 3  à«π
®“°ª√‘¡“µ√‡µÁ¡ ·≈–„Àâ “√‰À≈ºà“π®“°À≈Õ¥„ à¢Õß‡À≈«
5-8 mL/min  ≈â“ßÀ≈Õ¥„ à¢Õß‡À≈«µàÕ‡π◊ËÕß°—π 2 §√—Èß
¥â«¬πÈ” 1 mL ·≈â«∑”„ÀâÀ≈Õ¥„ à¢Õß‡À≈«·Àâß¿“¬„µâ
 ÿ≠≠“°“»‡ªìπ‡«≈“ 5 mins ™– “√µàÕ‡π◊ËÕß°—π 3 §√—Èß
¥â«¬‡¡∑“πÕ≈ 1 mL

°“√Õπÿæ—π∏å AFB
1
 ¥â«¬ trifluoroacetic acid (TFA)

π” “√∑’Ëºà“π™–‰ª√–‡À¬„Àâ·Àâß¥â«¬°ä“´‰π‚µ√‡®π
®“°π—Èπ‡µ‘¡ hexane 200 µL ·≈– trifluoroacetic acid
50 µL ®“°π—Èππ”‰ªº ¡¥â«¬ ‡§√◊ËÕßº ¡ “√≈–≈“¬
(vortex) ·≈â«‡µ‘¡ acetonitrile: water (1:9) 1.95 mL
º ¡¥â«¬‡§√◊ËÕßº ¡ “√≈–≈“¬π”‰ªªíòπ‡À«’Ë¬ß¥â«¬
‡§√◊ËÕßªíòπ‡À«’Ë¬ß§«“¡‡√Á« Ÿß 1,000 rpm π“π 1 min
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«‘‡§√“–Àåª√‘¡“≥ AFB
1
 ¥â«¬‡§√◊ËÕß High performance

liquid chromatography (HPLC)

À≈—ß∑”Õπÿæ—π∏å TFA-AFB
1
 ·≈â«¥Ÿ¥‡©æ“– “√

≈–≈“¬„ π”‰ª«‘‡§√“–Àåª√‘¡“≥ AFB
1
 ¥â«¬‡§√◊ËÕß HPLC

µ—«µ√«®«—¥ (detector) ·∫∫ fluorescence ‚¥¬¡’
excitation wavelength ·≈– emission wavelength ‡ªìπ
365 nm ·≈– 440 nm µ“¡≈”¥—∫ ‡ø ‡§≈◊ËÕπ∑’Ë (mobile
phase) §◊Õ deionize water: acetonitrile: methanol
(60: 20: 20) ¡’Õ—µ√“‡√Á«¢Õß‡ø ‡§≈◊ËÕπ∑’Ë (flow rate)
‡ªìπ 1 mL/min

°“√§”π«≥√âÕ¬≈–ª√‘¡“≥ª≈¥ª≈àÕ¬‚¥¬™’««‘∏’¢Õß

AFB
1
 (Wittsiepe et al., 2001; Schroder et al., 2004)

√âÕ¬≈–¢Õß°“√ª≈¥ª≈àÕ¬π—Èπ§”π«≥‰¥â®“° —¥ à«π
¢Õß “√∑’ËÕ¬Ÿà„ππÈ”¬àÕ¬‡∑’¬¡·≈–ª√‘¡“≥¢Õß “√∑—ÈßÀ¡¥
∑’ËÕ¬Ÿà„π à«π∑’Ë‡ªìππÈ”¬àÕ¬·≈–∑’Ëµ‘¥Õ¬Ÿà„πÕ“À“√ ‚¥¬∑’ËÕ“®
®–¡’∫“ß à«π¢Õß “√∑’ËÀ“¬‰ª„π√–À«à“ß°√–∫«π°“√¬àÕ¬

√âÕ¬≈–ª√‘¡“≥ª≈¥ª≈àÕ¬‚¥¬™’««‘∏’ = ª√‘¡“≥ “√∑’Ë °—¥‰¥â

®“°πÈ”¬àÕ¬ / ª√‘¡“≥ “√∑—ÈßÀ¡¥ * 100

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘

‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬√–À«à“ß°≈ÿà¡
µ—«Õ¬à“ß∑’Ë§«“¡‡¢â¡¢âπµà“ßÊ °—π‚¥¬„™â ∂‘µ‘°“√«‘‡§√“–Àå
t-test ∑¥ Õ∫§«“¡·µ°µà“ß√–À«à“ß§Ÿà‚¥¬°”Àπ¥§à“
p<0.05 ®÷ß∂◊Õ«à“¡’π—¬ ”§—≠∑“ß ∂‘µ‘

º≈°“√«‘®—¬·≈–°“√Õ¿‘ª√“¬º≈
1. ª√‘¡“≥°“√ª≈¥ª≈àÕ¬ “√ AFB

1 
®“°¢â“«‚æ¥

·≈–∂—Ë«≈‘ ß∫¥

ª√‘¡“≥¢Õß AFB
1
∑’Ë∂Ÿ°ª≈¥ª≈àÕ¬ÕÕ°¡“π—Èπ

‡¡◊ËÕæ‘®“√≥“∑’Ë§«“¡‡¢â¡¢âπ·≈â«æ∫«à“∑—Èß„π¢â“«‚æ¥·≈–
∂—Ë«≈‘ ß∫¥¡’ª√‘¡“≥∑’Ë„°≈â‡§’¬ß°—π°—∫ª√‘¡“≥¢Õß AFB

1

∑’Ë„ à≈ß‰ª ¥—ßµ“√“ß∑’Ë 1 ·≈–¡’·π«‚πâ¡‰ª„π∑“ß‡¥’¬«°—π
‡¡◊ËÕ‡æ‘Ë¡§«“¡‡¢â¡‡¢â¡¢âπ¢Õßª√‘¡“≥ “√ ‡¡◊ËÕπ” AFB

1

∑’Ë§«“¡‡¢â¡¢âπ 5, 10, 20, 50 ·≈– 100 ng/5 g
§≈ÿ°‡§≈â“°—∫¢â“«‚æ¥·≈–∂—Ë«≈‘ ß∫¥µ—«Õ¬à“ß≈– 5 g
ºà“π°√–∫«π in vitro digestion ·≈â«¡“π” °—¥π—Èπ
º≈°“√∑¥≈Õßæ∫«à“ª√‘¡“≥¢Õß “√ AFB

1
 ‡¡◊ËÕ‡æ‘Ë¡§«“¡

‡¢â¡¢âπ¢Õß “√ AFB
1
 ∑—Èß„π¢â“«‚æ¥·≈–∂—Ë«≈‘ ß∫¥¡“°¢÷Èπ

ª√‘¡“≥¢Õß “√ AFB
1
 ∑’Ë∂Ÿ°ª≈¥ª≈àÕ¬¡’ª√‘¡“≥¡“°¢÷Èπ

µ“¡‰ª¥â«¬ ‡¡◊ËÕπ”¡“‡ª√’¬∫‡∑’¬∫∑“ß ∂‘µ‘¥â«¬ t-test

√Ÿª∑’Ë 1 ¢—ÈπµÕπ¢Õß°√–∫«π°“√®”≈Õß√–∫∫∑“ß‡¥‘πÕ“À“√„πÀ≈Õ¥∑¥≈Õß (in vitro digestion) ‡æ◊ËÕÀ“ª√‘¡“≥ “√ AFB
1

„π¢â“«‚æ¥·≈–∂—Ë«≈‘ ß∫¥∑’Ë§«“¡‡¢â¡¢âπ 5, 10, 20, 50 ·≈– 100 ng/5 g (n=5)
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2. √âÕ¬≈–ª√‘¡“≥ª≈¥ª≈àÕ¬‚¥¬™’««‘∏’ ®“°¢â“«‚æ¥

·≈–∂—Ë«≈‘ ß∫¥ (% bioaccessibility)

®“°º≈¢Õßª√‘¡“≥°“√ª≈¥ª≈àÕ¬ AFB
1
 ®“°

¢â“«‚æ¥·≈–∂—Ë«≈‘ ß∫¥ ‡¡◊ËÕπ”¡“§”π«≥À“§à“√âÕ¬≈–
ª√‘¡“≥ª≈¥ª≈àÕ¬‚¥¬™’««‘∏’·≈â«æ∫«à“√âÕ¬≈–¢Õß°“√ª≈¥
ª≈àÕ¬ “√ AFB

1
 „π·µà≈–§«“¡‡¢â¡¢âπ¡’§à“„°≈â‡§’¬ß°—π

¥—ßµ“√“ß∑’Ë 1 ‡¡◊ËÕπ”¡“À“§à“‡©≈’Ë¬·≈â«æ∫«à“√âÕ¬≈–ª√‘¡“≥
ª≈¥ª≈àÕ¬‚¥¬™’««‘∏’„π¢â“«‚æ¥·≈–∂—Ë«≈‘ ß∫¥ ª√–¡“≥
√âÕ¬≈– 95 ·≈– 94 µ“¡≈”¥—∫ ¥—ß· ¥ß„π√Ÿª∑’Ë 2 æ∫«à“
§à“√âÕ¬≈–¢Õß°“√ª≈¥ª≈àÕ¬π—Èπ¡’·π«‚πâ¡§ß∑’Ë∂÷ß·¡â«à“
§à“§«“¡‡¢â¡¢âπ¡“°¢÷Èπ ∑—Èß„π¢â“«‚æ¥·≈–∂—Ë«≈‘ ß ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫∑“ß ∂‘µ‘¥â«¬ t-test ·≈â«æ∫«à“√âÕ¬≈–ª√‘¡“≥
ª≈¥ª≈àÕ¬‚¥¬™’««‘∏’¢Õß AFB

1
 ∑—Èß„π¢â“«‚æ¥·≈–∂—Ë«≈‘ ß

π—Èπ‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘

√Ÿª∑’Ë 2 ·π«‚πâ¡√âÕ¬≈–ª√‘¡“≥ª≈¥ª≈àÕ¬‚¥¬™’««‘∏’¢Õß “√ AFB
1

 ŸàπÈ”¬àÕ¬„π√–∫∫∑“ß‡¥‘πÕ“À“√„πÀ≈Õ¥∑¥≈Õß (in vitro

digestion) ·≈–π”¡“ºà“π°“√ °—¥ (A) °“√ª≈¥ª≈àÕ¬

AFB
1
 „π¢â“«‚æ¥ (B) °“√ª≈¥ª≈àÕ¬ AFB

1
 „π∂—Ë«≈‘ ß∫¥

(n=5)  (mean+SD)

 √ÿªº≈°“√«‘®—¬
°“√∑¥≈Õßπ’È‡ªìπ°“√ª√–¬ÿ°µå·≈–‡≈’¬π·∫∫√–∫∫

∑“ß‡¥‘πÕ“À“√¢Õß¡πÿ…¬å  ‚¥¬®–„Àâ§«“¡ ”§—≠µàÕ√–∫∫
∑“ß‡¥‘πÕ“À“√∑’Ë‡°’Ë¬«¢âÕß°—∫°“√¬àÕ¬ §≈â“¬°“√®”≈Õß
°“√¬àÕ¬„πª“°  °√–‡æ“–Õ“À“√·≈–≈”‰ â‡≈Á°∑’Ë‡°‘¥¢÷Èπ®√‘ß
„π¡πÿ…¬å  ·∫∫®”≈Õßπ’È®–‡≈’¬π·∫∫∑—Èß∑’Ë‡ªìπ à«π¢Õß‡À≈«
µà“ßÊ ∑’ËÕ¬Ÿà„π·µà≈–Õ«—¬«– ‡™àπ πÈ”≈“¬ πÈ”¬àÕ¬ §à“§«“¡
‡ªìπ°√¥-¥à“ß ·≈–√–¬–‡«≈“∑’ËÕ“À“√Õ¬Ÿà„π·µà≈–Õ«—¬«–
‡æ◊ËÕ “¡“√∂™à«¬§“¥°“√≥å∂÷ßª√‘¡“≥°“√‰¥â√—∫ —¡º— 
AFB

1
 „πÕ“À“√ ®“°º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“‡¡◊ËÕ‡æ‘Ë¡

§«“¡‡¢â¡¢âπ¢Õß “√ AFB
1
 ¡“°¢÷Èπª√‘¡“≥¢Õß “√ AFB

1

∑’Ë∂Ÿ°ª≈¥ª≈àÕ¬¡’ª√‘¡“≥¡“°¢÷Èπµ“¡‰ª¥â«¬·≈–√âÕ¬≈–
ª√‘¡“≥ª≈¥ª≈àÕ¬‚¥¬™’««‘∏’¢Õß AFB

1
 ∑’Ëªπ‡ªóôÕπ„π

·≈â«æ∫«à“°“√ª≈¥ª≈àÕ¬ AFB
1
 ∑—Èß„π¢â“«‚æ¥∂—Ë«≈‘ ßπ—Èπ

‰¡à¡’§«“¡·µ°µà“ß∑“ß ∂‘µ‘

µ“√“ß∑’Ë 1 º≈°“√«‘‡§√“–Àåª√‘¡“≥ “√ AFB
1
 „π¢â“«‚æ¥

·≈–∂—Ë«≈‘ ß∫¥À≈—ßºà“π°√–∫«π°“√ in vitro

digestion ·≈–°“√ °—¥ (n=5) (mean+SD)

§«“¡‡¢â¡¢âπ ¢â“«‚æ¥ ∂—Ë«≈‘ ß∫¥

¢Õß AFB
1

∑’Ë„ à„π A B A B

µ—«Õ¬à“ß

(ng/mL)

5 4.91+0.11 98.14+1.77 4.85+0.16 97.04+2.66

10 9.51+0.14 95.11+1.14 9.41+0.21 94.10+1.68

20 19.56+0.28 97.80+1.16 18.23+0.29 91.15+1.17

50 46.26+0.23 92.51+0.37 46.41+0.21 92.82+0.33

100 96.02+0.22 96.02+0.18 96.71+0.11 96.71+0.09

A = ª√‘¡“≥ AFB
1
 ∑’Ë«‘‡§√“–Àå‰¥â

B = √âÕ¬≈–¢Õß°“√ª≈¥ª≈àÕ¬ AFB
1

(A)

(B)
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¢â“«‚æ¥·≈–∂—Ë«≈‘ ß∂Ÿ°ª≈¥ª≈àÕ¬„π√–∫∫∑“ß‡¥‘πÕ“À“√
‰¥â„πª√‘¡“≥∑’Ë Ÿß §◊Õ√âÕ¬≈– 95 ·≈– 94  ”À√—∫¢â“«‚æ¥
·≈–∂—Ë«≈‘ ßµ“¡≈”¥—∫ ´÷Ëß Õ¥§≈âÕß°—∫√“¬ß“π«‘®—¬¢Õß
Versantvoort et al. (2005) ∑’Ë∑”°“√»÷°…“°“√ª≈¥ª≈àÕ¬
AFB

1
 „πÕ“À“√ ∑’Ëæ∫«à“ª√‘¡“≥¢Õß AFB

1
 ∑’Ë∂Ÿ°ª≈¥

ª≈àÕ¬ÕÕ°¡“·ª√º—πµ√ß°—∫ª√‘¡“≥¢Õß AFB
1
 ∑’Ë¡’

°“√ªπ‡ªóôÕπ´÷ËßÕ“®‡ªìπª√‘¡“≥ “√∑’Ë “¡“√∂∂Ÿ°¥Ÿ¥´÷¡
‡¢â“ Ÿà√à“ß°“¬·≈–‡¡◊ËÕ “√ AFB

1
 ‡¢â“ Ÿà√à“ß°“¬·≈â«°àÕ„Àâ

‡°‘¥Õ—πµ√“¬Õ¬à“ß¡“°À“°‰¥â√—∫‡¢â“‰ªÕ¬à“ßµàÕ‡π◊ËÕß·≈–
‡ªìπ‡«≈“π“π ®“° in vitro digestion ∑’Ë‡ªìπ°“√ª√–¬ÿ°µå
·≈–‡≈’¬π·∫∫√–∫∫∑“ß‡¥‘πÕ“À“√¢Õß¡πÿ…¬å “¡“√∂
™à«¬§“¥°“√≥å∂÷ßª√‘¡“≥°“√‰¥â√—∫ —¡º— °—∫ AFB

1

‰¥âÕ¬à“ß∂Ÿ°µâÕß·≈–·∑â®√‘ß ®÷ß∂◊Õ‰¥â«à“‡ªìπª√‘¡“≥¢Õß
°“√‰¥â√—∫ —¡º— °—∫ “√ AFB

1
 ®“°°“√√—∫ª√–∑“π‰¥â

‚¥¬µ√ß ·≈–‡ªìπª√–‚¬™πåÕ¬à“ß¡“°À“°π”‰ªª√–¬ÿ°µå
„™â„π°“√ª√–‡¡‘π°“√ —¡º—  “√ AFB

1
 „π°√–∫«π°“√

ª√–‡¡‘π§«“¡‡ ’Ë¬ß

°‘µµ‘°√√¡ª√–°“»
°“√»÷°…“§√—Èßπ’È‰¥â‡ß‘π π—∫ πÿπ∑ÿπÕÿ¥Àπÿπ

°“√§âπ§«â“·≈–«‘®—¬„π°“√∑”«‘∑¬“π‘æπ∏å®“°¡À“«‘∑¬“≈—¬
¢Õπ·°àπ ªïß∫ª√–¡“≥ æ.». 2551 ·≈–¢Õ¢Õ∫§ÿ≥
‡®â“Àπâ“∑’ËÀâÕßªØ‘∫—µ‘°“√·≈–‡æ◊ËÕπÊ æ’ËÊ ∑ÿ°§π∑’Ë„Àâ§«“¡
™à«¬‡À≈◊Õ·≈–§”·π–π” ®π∑”„Àâß“π«‘®—¬§√—Èßπ’È ”‡√Á®≈ÿ≈à«ß
¥â«¬¥’
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